
{In Archive} Synthetic Turf Council Artificial turf presentation 
Rick Doyle 
to: 
Jacqueline McQueen 
05/30/2008 03:12 PM 
Cc: 

Page 1 of2 

Ross Highsmith. Linda Sheldon, Kent Thomas, Michael firestone, Walter Cybulski, Cathy 
Fehrenbacher, '"Tunccr B. Edil"', "Stanley H. Greene", marty.sergi, "Joseph E Motz" 
Hide Details 
From: "Rick Doyle" <rick@syntheticturfcouncil.org> Sort List... 
To: Jacqueline McQueen/DCIUSEP A/US@EPA, 
Cc: Ross Highsmith!RTP!USEPAIUS@EPA, Linda Sheldon!RTP!USEPA/US@EPA, Kent 
Thomas/RTPIUSEPAIUS@EPA. Michael Firestone/DCIUSEPAIUS@EPA, Walter 
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5 Anachments 

Broderick-Air Sampling for PAl-l 's Comsewogue HS I 0-07 .pdf 

Broderick-Air Sampling for PAH's Schreiber HS I 0-07 .pdf Tuncer Edii-Univ. of Wisc.-Madison.pdf 

Health-Env. Impact ofSBR lnfiii-Birkholz.pdf Twenty Qucstions.pdf 

Dea r J ackie and the E?A Workgroup on Crumb Rubbe r - The STC team is looki~g forward 
to neeting with you by conferenc e call on Monday , June 2 at 10 a . m. Eastern to 
present information and e xper- <nowledge relevant to you r topic, "Assessing Human 
Exposures to Tire C~umb Contaminants Used In Playgrounds and Ar tificial Turf 
Fields ." To access the conference cal l we will call 

The STC Team includes , in addition to me : 
• Tuncer Edil , Ph . D., Professor and Research Director , Department of Civil and 

Environmental Engineering, Un~versity o~ Wisconsin-Madison (Bio attached) 
• Stanley Greene , CEO, Sprinturf , builder of synthetic turf sports field 
• Marty Se rgi , CEO, Permalife Products , manufacturer of crumb rubber 

I have created a PowerPoint presentation that you will be able to view from your PC, 
by logging onto t just prior to the 
meeting and selecting Join a Meeting (I will send you an emai~ :nvita:ion on 
Monday} . During our presentation, Dr. Edil will r e:erence Sect:ons 6 , 21, and 40 of 
a compendi um of relevan t research tha t has been published by one of our member 
compar.ies , FieldTurf Tarkett . The volume is ava i lable to you on the fo:lowi ng 
website : www . fieldt urf . com/ pdf s/sbr TheStudies . pdf . I n a ddition , we s uggest you 
review at some point the e xcellent studies /technica l documents found in Sections 5 , 
14 , 41 , and in the a ttachments to this email . 

Plcose let rr.e kr.ow if you have any quesLlons . vJe look forward to an .!.nteract:.ve and 
productive meeting . Best regards . Cheers , Rick 

fi le:///C:/Users/j mcqueen/ AppData/Local!Temp/ l/notes36F61 C/- web75 12.htm 4/20/20 l 7 



{T n Archive} Synthetic Turf Council Artilicial turf presentation 
Rick Doyle 
to: 
Jacqueline McQueen 
05/30/2008 03:12PM 
Cc: 

Page 1 of2 

Ross Highsmith, Linda Sheldon, Kent Thomas, Michael Firestone, Walter Cybulski, Cathy 
Fehrenbacher, "'Tuncer B. Edil"', "Stanley H. Greene", marty.sergi, "Joseph E Motz" 
Hide Details 
From: "Rick Doyle" <rick@syntheticturfcounci l.org> Sort List... 
To: Jacqueline McQueen/DC/USEPA/US@EPA, 
Cc: Ross Highsmith/RTP/USEPA/US@EPA, Linda Sheldon!RTPIUSEPA/US@EPA, Kent 
Thomas!RTP/USEPAIUS@EPA, Michael Firestone/DCIUSEPA!US@EPA, Walter 
Cybulski/DC/USEPAIUS@EPA, Cathy Fehrenbacher/DCIUSEPA!US@EPA, "'Tuncer B. 
Edil'" <tbedil@wisc.edu>, "Stanley H. Greene" <sgreene@sprinturf.com>, 
<marty.sergi@permalife.com>, "Joseph E Motz" <)motz@themotzgroup.com> 
History: This message has been replied to. 
Archive: This message is being viewed in an archive. 

5 Attachments 

Broderick-Air Sampling for PAH's Comsewogue HS 10-07 .pdf 

Broderick-Air Sampling for PAl-l's Schreiber HS 10-07 .pdf Tuncer Edii-Univ. ofWisc.-Madison.pdf 
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Dear Jackie and the EPA Workgroup on Crumb Rubber - The STC team is looking forward 
to meeting with you by conference call on Monday, June 2 at 10 a . m. Eastern to 
present information and expert knowledge relevant to your topic , "Assessing Human 
Exposures to Tire Crumb Contami nants Used In Playgrounds and Artificial Turf 
fields ." To access the conference call we .,.1ill call 

The STC Team includes , in addition to me : 
• Tuncer Edil , Ph . D., Professor and Research Director , Department of Ci vil and 

Environmental Engineering, University of Wisconsin - Madison (Bio attached) 
• Stanley Greene , CEO, Sprinturf , builder of synthetic turf sports field 
• Marty Sergi , CEO , Perma l ife Products , manufacturer of crumb rubber 

I have created a PowerPoint presentation that you will be able to view from your PC , 
by logging onto I just prior to the 
meeting and selecting Join a Meeting (I will send you an email invitation on 
Monday) . During our presentation , Dr . Edil will reference Sections 6 , 21 , and 40 of 
a compendium of relevant research that has been published by one of our member 
companies , FieldTur£ Tarkett . The volume is available to you on the fol lowing 
website : www . fie l d t urf . com/odfs/sbr TheS t udies . pdf . In addition , we suggest you 
rev iew at some point the excellent studies/technical documents found in Sections 5, 
14 , 41, and in the attachments to this email . 

Please let me know if you have any questions . We l ook forward to an interactive and 
productive meeting . Best regards . Cheers , Rick 
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Rick Doyle , President 
Synthetic Turf Council 
www . svntheticturfcouncil . org 

400 Galleria Parkway !Suite 1500 
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From : McQueen . Jacqueline@epamail . epa . gov [mailto : McQueen . Jacqueline@epamail . epa . gov] 

Sent : Friday , May 30 , 2008 8 : 55AM 
To : Rick Doyle 
Cc : McQueen . Jacqueline@epamail . epa . gov ; Highsmith . Ross@epamail . epa . gov; 
Sheldon . Linda@epamail . epa . gov; thomas . kent@epamail . epa . gov ; 
Firestone . Michael@epamail . epa . gov; Cybulski . Walter@epamail . epa . gov ; 
Fehrenbacher . Cathy@epamail . epa . gov 
Subject : Artificial turf presentation : Sending e : mails to Rick Doyle for Monday 
meeting 

Rick 

I am sending this message so you have the e : mails for the Monday meeting 
attendees . Just respond to this if you want to send a link so we can 
access materials for Monday . 

Thanks , 

Jackie 

Jacqueline McQueen 
U. S . Environmental Protection Agency (8104R) 
Office of Research and Development 
Office of Science Policy 
1200 Pennsylvania Avenue , N. W. 
Washington , D. C . 20460 
(202) 564-6639 

ftle:///C:/Users/jmcqueen/ AppOata/Local!T emp/1 /notes36F61 C/-web 7512.htm 4/20/2017 
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Jacqueline McQueen to: Rick Doyle 
Bee: Ross Highsmith, Walter Cybulski 

Jacqueline McQueen/DC/USEPA/US 
"Rick Doyle" <rick@syntheticturfeouncil.org>, 

05/19/2008 1 0:30AM 

From 

To. 

Bee Ross Highsmith/RTP/USEPA/US@EPA. Walter Cybulski/DC/USEPA/US@EPA 
Archive: This message is being viewed in an archive. 

Hi, Rick! It was good to meet you last week. We are happy to set up a presentation for the Agency 
workgroup. Just to be clear, for the presentation, we'd focus on the science, not really the benefits 
(although you are welcome to summarize those as well). Here are some topics that I think would be 
useful to cover: 

- Production info., including #of tires used/year, types of tires used, etc .. 
- How the turf is assembled (you all covered that in your talk last week) , and where the recycled tires are 
used in the system (e.g. , infill, but are they also in the underlying mat?). 
- Standards for size for the individual infill particles. 
- Chemical analysis of existing fields, and whether or not climate or region has any role in determining the 
chemical composition of the field. 
- Summary of any existing analyses, whether or not you are planning on doing any of your own analyses, 
know of any ongoing studies, or would be interested in working with EPA on studies. 
- Summary of any human exposure data. 
- Any precautions the industry takes to exclude certain materials (e.g. , metal strains, fibers) from the 
production process. 
- Info. on any organizations that represent your industry and recycled rubber for other consumer 
applications. (We are trying to understand the similarities and differences of turf vs. tire crumb uses in 
mulch, playgrounds, etc.) 

I realize that you might not have info. for all of these points. Our scientists are just beginning to try and 
understand your industry and related industries, how the materials are made, and ultimately, whether or 
not there is any potential chemical exposure to people, primarily children, from playing on the fields. 

As mentioned last week, our group is looking mostly at tire crumbs/infill. This material is also used in mat 
and loose form under playground equipment, and I think as mulch chips; but we have no information at 
present on whether the materials used for artificial turf differ from the materials used for playgrounds and 
mulch. 

We are looking at this from a scientific perspective only -we are not setting policy or contemplating 
regulations. So, this is really an information-gathering exercise to begin to characterize possible 
exposures. 

Let's talk about possible dates and times for a presentation. The workgroup is scattered among various 
EPA offices, labs, centers , and regions, so a conference call will work well. Of course , you are welcome 
to come here if you'd like. 

Anyway, let me know if you have questions, and possible dates for the presentation, and we will go from 
there. 

Many thanks for your help. 

Jackie 

Jacqueline McQueen 



"Rick Doyle" 
<rick®synthetict 
urfcouncil.org> 

05 / 19/ 2008 07:45 
AM 

Jacqueline 
McQueen/DC/ USEPA/ US@EPA 

To 

cc 

Subject 

Jackie - I sent this last Friday and mistyped your email address. 
Enjoyed meeting you.? Cheers, Rick 

Rick Doyle, President 
Synthetic Turf Council 
www.syntheticturfcounci l .org 

400 Galleria Pa r kway !Suite 1500 
Atlanta IGA I 30339 
P 678.385.6720 1 t 678.385.6501 

[attachment "STC Letter to Cleland- Hamnett - EPA 5 - 16-0S . doc" deleted by 
Jacqueline McQueen/ DC/ USEPA/ US) 
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October 30. 2007 

Mr. Montgomery Granger 
Comsewogue Union free School District 
Buildings & Grounds 
290 Norwood A venue 
Port Jefferson Station. New York 11776-2598 

Rc: 

.JC B#: 

Amhicnt Air Sampling for PAWs 
Comsewoguc High School Football Fid el 
565 Bicycle Path 
Port J eff Station, NY 11776 
Sampling Date: Octobca· 16, 2007 

07- 12062 

Dcllr Mr. Granger: 

'-'I! I l • '\• II 
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f' ·, tJ 'I '' i' :I 

J. C. Broderick & Assoc iates, Inc. (JCB) was retained to perform air sampling at the above referenced athletic field due to com:crns ra ised in the News 12 Long Is land Focus 12 segment which aired on October 15. 2007 pertaining to arti ticial playing tidds. 

Specifically. News 12 reported that they collected samples or a '·Port Washington tield lor Jab studies" and reported the presence of three cancer-causing chemicals that were in excess of slate safety levels. During the viewing of the News 12 segment, a New York State Department of Envirorunental Conservation (NYS DEC) logo was displayed suggesting that the turf sampling results were compared to NYS DEC publ ished "sale levels". It should be noted that theN YS DEC does not establish "safe limits" fo r human exposure to chemicals and or hazardous substances, instead, they identifY levels designed to protect the environment (e.g. soil cleanup projects, water quality, etc.). Therefore it appears that News 12 may have erroneously compared their data toN YS DEC gu idelines. which have been established to protect the environment and not as a menns of determining the potential tor human exposure or ··safe limits." Since JCB does not have a copy of Ne'' s 12 · s sampling methodology, laboratot)' analytical report. and or the state documen t rclcrcncing "safety levels". we can not comment on the accuracy and or reliability of their findings. 

The News 12 Focus segment reported the following chemicals. classified as polycyclic nromaric hydrocarbons or PAl-ls. "in excess of state sa fety leveb": 

Pyrene, 
• I3enzoPyrene. and 
• Chryscne. 

Pnge I of 4 



o~toh~r 30. 2007 
i\ l r. i\loutgomcr~· Granger 
Comscwogur Union Free School District 
Amhient ,\ ir S:11npling fo r PA II 's 
Comscwogue lligh School Footbnll Field 
Sampling Unte: October 16. 2007 
JCUII: 07-12062 

It is not disputed that the chemicals identified in News 12's sample are typically present within the matrix of the rubber used to make synthetic fields; therefore this study fot:uses on the potential routes of exposurl:! for users (athletes, coaches, etc.) to be exposed to these chemicals whill:! using the athletic field. 

Background In format ion on Polvcycl ic Aromatic Hvdrocarbons 

The Agency for Toxic Substances and Disease RegistJ)' (ATSDR) slates that PAHs are a group or over 100 different chemicals that are formed during the incomplete burning of coal, oil and gas, garbage, or other organic substances like tobHcco or charbroiled meat. PAlls arc usual ly lound as a mixture containing two or more of these compounds. such as soot. Some PA l-ls are naturally occurring in the environment. while others are manufactured. PAl-ls are found in coal tar. crude oil, creosote. and roofing tar. asphalt and some are used in medicines or to make dyes, plastics, and pesticides. 

Some types of P M-r s hav~ been ident i ficd as carcinogenic. or cancer cHusing, agents. The Occupational Saf'ety ami Health Administration (OSHJ\), the National Institute for Occupational l lenlth and Safety (NIOSH) and the American Congress of Governmental Industrial Hygienists (ACGIH) have all promulgated occupational exposun: limits to airborne concentrations of'PAH's. 

Dermal Absorption 

PAHs can be absorbed through the skin (dermal exposure). Typical exposmes come from the handing of contaminated soil or bathing in contaminated water. Absorption exposure of low levels can also occur in people who use PAH-eontaining medicakd skin creams or shampoos. 

In the case of synthetic athletic fields, like the one at the abo\'C referenced facility, PAH's are found within the matrix of the rubber. therefore, exposure to PAl-l's through skin contact wi th the surtacc oft he athletic field during nonnaluse is unlikely. More signiliccmt potent ial exposure routes include ingestion and inhalation. 

Ingest ion Hanrd 

PAll cxposme can occur through ingestion. It has been reported that eating foods grown in contaminated soils and by eating gri lled foods can increase the amount of PAHs in the food. Other 1oods that may conta in low levels of PA I Is include roasted coftee, roasted peanuts, refined vegetable oil, grains, vegetables and fruits. It has been reported that the general population ingests 1-9 microgmms or PAHs per day through consumption of food, making food the primaty route of exposure. 

Page 2 of ~ 



October 30. 2007 
i\ l r. ~ lontgomer) Grnngcr 
Comscwogne Union Free School District 
Ambieut Air Snmpling for PAll 's 
Comsewoguc High School Footbnll Fi l•lcl 
~:unpling l>nt('; October I 6, 2007 
J CUII: 07- 12062 

It is anticipated that there will be some residue from the rubber material (e.g. rubber crumbs) of the athletic li elc\ at the above referenced facility, and when adhered to the children's hands or picked up could be ingested. However it is expected that the PAHs will leavc the body through urine and feces in just a matter of days. The rubber matrix is not expected to be easily absorbed by the body during the digestive process and therelore would not be considered a significant threat. To minimize and or eliminate thi s potential exposure it is recommended that al lusersofthe field be instructed to wash their hands and skin after playi ng on the fie ld. In genentl, it is a good practice to always encourage and utilize good hygiene amongst athletes. regardless of whether the playing field is artificial or natural. 

Inhalation 

Most studies and literature on PA H exposure indicate that inhalation. or breathing of contaminated air, is a common route of exposure. Inhalation exposure can be attributed to breathing in fumes li·om vehicle exhaust. coal, coal tar, nsphalt, wild lires, agricultural burning and cigarette/tobacco smoke. The operati on of the athletic field does not typically include '·burning it" and thercf01c this type of l'ume release is not an anl icipmed fo rm of exposure. 

PAils are semi-vola! ile compounds, which mean that they do not casi ly evaporate. It is expected that the rubber material wi ll have to be heated to a temperature of approximately 250 oF for any significant amount of the P /\ lis to evaporate from the rubber material. It is not expected that the lield material will reach this temperature during ambient conditions nncluscs. 

If the rubber field mnterial did reach this temperature and P /\l-Is did evaporate. they would be out­gassing to an outdoor. open field environment. Which means that the concentrations or presence of these parameters would be diluted immediately with the ambient air and \\·ou ld not reasonably be expected to be present at any harmntl concentration. 

Inhalation of airborne PAH's while utilizing the above referenced athletic field for its intended purposes, does not appear to be a feasible means or exposmc and is unlikely. However as a quality assurance measure, PAl I air sampling on and around the above referenced playing tielcl was conducted. 

Air Sampl in2 Protocol 

The air sampling was performed utilizing laboratory supplied sorbcnt tube::; in accordance with the NIOSH Manual of Analytical Methods (NtviAtvl) Method 551 5, Polynuclear Aromatic Hydrocarbons by GC (fourth edition 8/15/94). The samples were collected by an experienced JCI3 environmental sampling teciUJician, assigned indiv id ua l identification numbers, logged into a chain of custody document. and delivered via courier to an independent environmental laboratory approval program 

Page 3 or -1 



OctobPr 30, 2007 
Mr. 1\lontgomery Grnuger 
Comsewogue Union Free School l)istrict 
Aml>icnt Air Sampling for PA H's 
\.omsewoguc 1-ligh School Footl>nll Field 
Snmpling Date: OrtobH 16.2007 
.JCOII: 07- 12062 

(ELAP) certified laboratory for analysis. 

Air Sampling Results 

The P1\H air testing, perfonn~d on and around the athletic field of the above referenced facility, did not reveal the presence of any detectable concentrations ofPAl-l's. i\11 six teen PAH"s analyzed were found to be below the laboratory minirmllll detection limit (MDL) of 6 micrograms per cubic rm:ter (ug/m3
). It should be noted thm, the three types of PAI-rs identified in the News 12 investigation (Chrysene. Benzo(a)pyrenc, and Pyrene), were observed below the laboratory tvlf)L. J\ copy of the chain of custody form, laborator1' analyticnl report. and laboratory analytical method can be referenced as an attachment to this letter. 

Reconunendatio11S 

Based upon the information reviewed on PAH exposure in humans and the rcsulls of the PJ\.H air testing performed, the potent ial fo r exposure to PAf I 's during normal use of the ath letic field, at the above rctercnced facility, appears to be minimal or insignificant. 

Ho\\'ever, to minimize any poten tial for exposure the following is recommended: 

Emphasize good hygiene practices (e.g. washing hands. showering, rout ine cleaning or uniforms. etc.) by athletes using the field. 

In the event that there is fl s<.:hool function during which younger <.:hilclren with the signi ticant potential to put the synthetic turf, or pieces of rubber in their mouth exists, adult supervision should be present. 

I r you have any questions or me in need or addi tional information, please fee l free to contact mt:. 

B roc erick 
.1. C. Broderick & Associates, Tnc. 

1\llch. 
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ISLAND 
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J.C. Broderick & As-sociates 
On~mlan Broder ici< 
420 Lake Avonue 
S~int Jnmes, NY 117130 

Dear Mr. Brod~tr i c,k· 

G31 ·172 8505 

IIY:IDOI I f.LAI'.t 1 1603 

\l~tou ~~~~m~ 
cTDOt~ ,., ~.:o • 

Alllf\1 16~56 

IIJOI!f'; t<V01 ~ 
r11Dt!r;t 6il·2H3 

October 10, 2007 

Enclosed please frnd the Laboratory Analysis Report(~} for sample(o) recelveo on 
October 1 B. 2007. Long l11l;mu Analytic<~l Laboratoric3 aneryzed tho sam~le~ on Octobur 18. 
2007 tor the following: 

CLIENT II) ANALYSIS 
SY·1A North Pnrking L~ ~ 

.. 
t:PA B270PAH --

1--· SV1·B Nortl' Porkin9. Lol EPA 0270PI\H 
SV2-A Synthetic TUrf Field C:PA 8270PAH 
SV2-D Synthetic Turf Field EPA0270PAH ·-FB-1 froid Blank I EPA6?.70PAH -

If you have any questions or require further mformation. ploaco can :u your 
convenrence. Long Island Aflalylic:~l Lilborillorico lno. rs a NI:LAP accrccllted laboratory All 
reported results rn~f.ll lhe requirements ot the NELAP st:mcJ<mh; unless n(ll fld above. Report 
sh811 not be reproduced except in full, without tho written aprroval of the laboratory. l.onQ 
I31Md Analytical Loborotorles would lik~ lu thank you for the opportunity to ba of SGNice to 
you. 

Best Reg;~r(l!:. 

Long lslenc/ Analytlcnl Lobarotories, /no. 

11 o Colin Dr ivt> • Holbrook. New Yorl< 117il 1 
Phone (G~1 ) -172 -3 400 · Fax (6~ 1 ) 472-0505 · Ernnrl: LIAL ®II alinc.~;um 
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L. I. ANALYT ICAL Li=,BS . INC G3 1 •1?2 8505 

2 of G pagos 

r-:::-::-- - ·--·· • -
Client 10: Comsewogue Higt1 School Client: JC Broderick 

~-
(SV-1A North Parl<ing Lot} --Date received: 10/18/07 Laborator.xJD: 1146937 

Date extracted: 10/18/07 Matrix: Air 
Date anal~zed : 1 0/18/07 ELAP #: 11693 

EPA METHOD 6270-PAH 

PA RAMEl ER c s A No 
ACENAPHTHENE 83-32-9 

ACENAPHTHYLENE 208-96-8 
ANTHRACENE 120-12-7 

BENZO(a)ANTHRACENE 56-55-3 -BENZQ(a)PYRENE 50-32-0 
_ BENZO~b}FLU0f3ANTHENE 205-99-/. 

BENZO(ghi)PERYLENE 191-24·2 -
BENZO(k)FLUORANTHENE 207-08-9 

CHRYSENE 218-01-9 
DIBENZO(a,h}ANTHRACENE 53-70-3 

r=LUORANTHENE 
FLUORENE 

INDEN0(1 ,2,3-cd)PYRENE 
NAPHTHALENE 

PHENANTHRENE 
PYRENE . . MDL = Mmtmum Detectron L1mtt. 

LONe 
ISlAND 
A~-lALVnCAI. 

206-44-0 - -
86-73-7 
193-39-5 
91-20-3 
85-01 -8 --
129~00-0 ·'----

MDL T 3 Fl RESUI .. S ug/m ag 
6 ug/m~ <6 
~/mJ <6 

6 ug/mJ <6 
6 ug/m3 <6 
6 ug/m3 <6 
6 ug/m~ <6 
6 uglm" <6 
6 ug/rn3 <6 
6 ug/m3 <6 
6 ug/m3 <G .. . 
6 ug/ma <6 
6 ug/m" <6 
6 ug/m3 <6 
6 ug/m3·- <6 
6 l!glmJ <6 
6 ug/rnJ J <6 

Calculated on a wet wetght basts 

Michael Vemldi-Laboratory Director 

F'. 82 
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Client: JC Broderick Client ID: Comsewog\.le High School 
(SV-18 North Parl<ing Lot) 

Date received: 1 0/18/07 Laborafor_'i ID: 1146930 
Date extracted: 10/18/07 Matrix: Air 
Date analyzed: 10/18/07 ELAP #: 11693 ...__... __ 

EPA METHOD 8270-PAH 

PARAMETER 
ACENAPi lTHENE 

ACENAPHTHYLENE 
ANTHRACENE 

13ENZO{a}ANTHRACENE 
BENZO(aJPYRENE 

8ENZO(b)FLUORANTHENE 
BENZO(shQPERYLENE 

BENZO(k)FLUORANTHENE 
CHRYSENE 

D1!3ENZO(a,h)ANTHRACENE 
FLUORANTHENE 

FLUORENE 
INDEN0{1 ,213-cd}PYRENE 

NAPHTHALENE 
PHENANTHRENF-

PYRENE .. MDL = Mm1mum Detection Lunu 

LONG 
ISLAND 
A.NALVllCAl 
LAB®ATottrJ:S t;\SC. 

MDL RESULTS uglm 3 Flag_ CAS No . ·-6 ug/m:~ 83-32-9 <G ·-208-9G-8 6 ug/m3 <6 ---120-12-7 6 ug/m3 <6 
56-55-3 6 ug/mJ <(3 
50-32-8 6 ug/m3 <6 

205-99-2 6 uglmJ <6 
191-24-2 6 ug/mJ <6 -
?.07-00-9 6 ug/m:l <6 
?.18-01-9 6 ugtmJ <6 
53-70-3 6 ug/mJ <6 

206-44-0 6 ug/mJ <6 
86-73-7 6 ug/mJ <6 

193-39-5 6 ug/m3 <6 
91 -20-3 6 ug/m3 <6 
05-01-5 _J~ImJ <6 -

129-00-0 G ltg/m3 <6 
Calculated on a wet we1ght bas1s 

Micl,ael Veraldi-Laboratory Director 

110 Colin Drive · 1 tolbrook, New Yorl< 1"1741 

F . l~3 
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- ·- ·- ····-Client: JC Broderick Client ID: Comsewogue High School 

. {SV2-A Synthetic Turf Field) 
Date received: 1 0/18/07 Laboratory 10 : 1146939 
Date extracted: 1 0/18/07 Mt:~trix : Air 
Date analyzed: 10/10/07 ELAP #: 11693 

p ARAIVI ETER CAS No MDL RE ~suL TS I 3 Fl ug.m • ag 
ACENAPHTHENE 83-32-9 G ug/mJ <6 -ACENAPHTHYLENE 208-96-8 6 ug/mJ <6 

ANTHRACENE 120-12-7 6l!g/m3 <6 
BENZO{a}ANTt-IRACENE 56-55-3 6 ug/m3 <6 

6ENZO(a)PYRENE 50-32-0 6 ug/ma <6 - -. Bt;.NZO(b)FLUORANTHENE 205-99-2 6 ug/m3 <6 
~ BENZOJghi)PERYLEt;JE_ 191-24-2 6 ug/m:~ <6 

~·BENZO(k)f-LUORANTHr:NE 207-08-9 6 ug/mJ <6 
CHRYSENE 218·01-9 6 Ufjlma <6 -DIBENZO{a,h}ANTHRACENE 53-70-3 6 ug/m3 <6 

FI...UORANTHENE ?.06-44-0 . 6 ug/mJ <6 
FLUORENE 86-73-7 6 ug/mr <6 -

INDENO{ 1 ,2,3-cd)PYRENE 193-39-5 6 ug/m;, <6 -NAPHTHALENE 91-20-3 6 ug/rnJ <6 --PHENANTHRENE 85-01-0 6 ug/ma <6 
PYRENE 129-00-0 6 ug/m~ <6 . . MDL ::: Mln1mum Detection L1m1t. Calculated on a wot we1ght bosls 

Michael Veraldi-Laboratory Director 

. ~J .. .._ LONG 
· 1 ISLAND 
·:' ANALVncAL 

LABOilATOOal:S r:NC. 110 Col in Drive · Holbrook New York 11 741 
· 'roMOifO~'fSMt.rmoosowrtomrooo~ Phone (631) 412-3400 · Fax (631) 472-8505 • Email: LIAL@IIalinc.corn 
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·-----
Client: JC Brod~ricl~ ClientiD: Cornsewogue High School 

(SV2-B Synthetic Turf Field) 

Date received: 10/18/07 Laboratory ID: 1146940 

Date extracted: 1 0/1 0/07 Matnx: Air -
_Q~~e anal~zed: 10/18107 ELAP #: 11693 

EPA METHOD 827Q .. PAH 

PARAMETER 
ACENAPHTHENE 

ACENAPHTHYLENE 
ANTHRACENE 

BENZO(a)ANTHRACENE 
EJENZO(a)PYRENE 

BENZO~b}FLUORANTHF.NE 

B~NZO{ghQPERYLENE 
BENZO{k)FLUORf'N:rHENE 

CHHYSENE 
DIBENZO{a,h}ANTHRA_CENE 

FLUORANTHENE 
FLUORENE 

INDEN0(1 .~.3-cd2PYRENE 
NAPHTHALENE 

PHENANTHRENE 
PYRENE---MDL "' Mmlrnum Detection L1mlt. 

,......., LOt-lG 
ISJ.AND 
ANALYTICAL 

-

CAS N 0 MDL RESULTS I 3 Fl - ua m • ag 
83-32-9 6 ug/mJ <6 
208-96-8 6 ug/m~ <6 
120-12-7 6 ug/m;, <6 
66-55-3 0 ugfmJ <6 
50-32-0 6 U~J/Il'\J <6 

205-99-2 6 ug/mJ <6 
101-24-2 6 ug/m" <6 
207-08-9 G ugtmJ <6 
218-01-9 6 ug/ml <6 
53-70-3 6 ug/m3 <6 

206-44-0 6 ug/mJ <6 
86-73-7 6 ug/mJ <6 
193-39-5 6 uglm~ <6 
91-20-3 6 ug/mJ <G 
85-01-8 6 ugfm.., <6 
129-00-0 6 ugj~~ <6 

Calculated on o wet weight basis 

Michael Veraldi·Laboratory Director 

·: IJ.\BORAlaftl!S L:NC. 110 Colin Drive · Holbrook New York 117-11 

P . 8:; 
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POLVNUCltAI~ AROMATIC HYDROCARBONS by GC 551 5 

Table 1 MW: Table 1 CAS: Table 2 

METHOD: 6515, Issue 2 EVALUATION: PAIHIAL 

NIOSH: Ta:>le 3 
OSHA : 

COMPOUNDS: acenapllthene 
acenapnthyle~e 
amnracene 
benz[a}&ntllracenc 
benzo(bjflvoranthene 
benzo[k)lluoranthene 

SYNONYMS: PAH. i>NA: also see Table 2 

SAMPLING 

SAMPLER: FILTER • SORBENT 
(2·J.Jn1, 37-mm PTFE o washeo XAD·2. 
100 mg/50 mg) 

FLOW RATE: 2 Limon 

VOL-MIN: 200 L 
·MAX: 1000 L 

ber.w(gholoerylene 
benzo(aloyrene 
benzo(elpyrene 
chrysene 
dtbenz(a,hjant'lracene 
lluoranlt1ene 

METHOD: 

ANALYTE: 

EXTRACTION: 

SHIPMENT: transfer filters tc culture tubes, wrao sorbent 
and culture tubes in AI foil, ship @ 0 'C 

INJECTION 
VOLUME: 

COLUMN: SAMPLE 
STABILITY: unknown. protect from neat and UV radiation 

RTECS: Table 2 

Issue 1: 15 May 1985 
Issue 2: 15 Auuust 1994 

PROPERTIES: Table 1 

fluorena 
onoenoj1,2,3·cdjpyrene 
napllthatene 
phenanthrene 
pyrene 

MEASUREMENT 

GAS CHROMATOGRAPHY, CAPILLARY 
COLUMN, FlO 

compounds abOve 

5 mL organic solvent approproate to 
sample matnx {step 7) 

4 J.JL : 10 1 spl:t 

30m x 0.32-mm I D. fused sohca cap·llary, 
1·1Jrn DB·5 

FIELD BLANKS: 2 to 10 fteld blanks per set 
TEMPERATURE~NJECTOR: 

·DETECTOR: 
·PROGRAM: 

2oo ·c 
2so ·c 
130 :o 290 •c @ 4 •ctmin MEDIA BLANKS: G to 10 

AREA SAMPLES: 8 ·ep.icates on preweogheo loiters for 
salven: select;o1 

ACCURACY 

RANGE STUDIED, ACCURACY, BIAS, and OVERALL 
PRECISION (S,y): not measured 

GASES-CARRIER: 
·MAKEUP: 

LOD: 

CALIBRATION: 

He@ 1 ml/m10 
He @ 20 mL/mon 

ca. 0 3 to 0.5 110 per sample (1) 

external standards on to'vene 

RANGE, LOD, and PRECISION (S,): EVALUATION OF 
METHOD 

APPLICABILITY: The wo:kong range for B(a]P os 3 10 150 Jlglm' for a 400·L a11 sample Specoloc sample sets r1ay recu.re modol;cahon .n loiter extraction solvent, choice of measurement method, and meas~rement conditions. 

INTERFERENCES: Any compound whiCh elutes at tho same GC retention lime may oflierlere. Heal. ozone. NO 1• or UV light may cause sample degrad;ulon 

OTHER METHODS: Th s revises P&CAM 183 (21 The spectrophotometroc methoos. P&CAM 184 and 186(2]. have not been rev•sed Method 5506 (HPLC) uses tho same sampling lechnoque and •s more sens;tive. 

NIOSH Manual of Ana lytical Methods (NMAM). Fourth Edition, 8/15/9<: 



POLYNUCLEAR AROMATIC HYOROCArHlONS bv CC M£11101) ~~\~.Issue' tlaled IS Auousl H)rJA P:~oe 2 of ? 

REAGENTS: 

1. Filter extraction solvent: acetonitrile. benzene,· 
cyclohexane, methylene chloride.· or other 
appropriate solvents. pesticide grade (step 7). 

2. Toluene. pesticide grade. 
3. Water, disti lled, deiontzed. 
4. PAH reference standards," appropriate to the 

PAH·containing matrix sampled. 
5. Calibration stock solution. 0.25 mg/ml. • 

Check purity of each PAH reference standard 
by GC/FIO, HPLC/Ouorescence and/or melting 
point. Puri fy, tf necessary. by recrystallization. 
Weigh 25 mg of each PAH into a 100-rnl 
volumetric flask; d1lute to volume with toluene. 
Stable six months if refrigerated and protected 
from hght. 

6. Helium, prepurified. 
7. Hydrogen. dry. 
8. Air, filtered. 

See SPECIAL PRECAUTIONS. 

EQUIPMENT: 

1. Sampler: 
a. Filter. PTFE-Iaminated membrane filler, 

2-J.Jm pore s1ze. 37·mm diameter (Gelman 
ZeOuor. Membrana. Pleasantown, CA, or 
equivalent), backed by a spacer (37-rnm 
00, 32-mrn 10) cut from a cellulose 
support pad or SKC #225-23, in cassette 
filter holder 
NOTE 1: If sampling is to be done in 

bright sunlight. use opaque or 
foi l-wrapped cassettes to 
prevent sample degradation. 

NOTE 2: Take fil ters to be preweighed 
from the fil ter package and 
allow to equilibrate 24 h with 
laboratory atmosphere before 
taring. 

b Sorbent tube. connected to filter with 
minimum length PVC tubing. Plastic caps 
are required after sampling. Washed 
XA0-2 resin (front = 100 mg; back = 50 
mg) (Supelco ORBO 43 or equivalent). 
Pressure drop at 2 Umin airflow 1.6 to 2 
kPa (15 to 20 em H 20). 

2 . Personal sampling pump capable of operating 
for 8 h at 2 Umin. with flexible connecting 
tubing. 

3 Aluminum foil. 
4 Vial, scintillation, 20-mL, glass. PTFE-Iined 

cap. 
5. Refrigerant, bagged. 
6. Culture tubes, PTFE-Iined screw cap, 13-rnm 

x 100-mm 
7. Forceps. 
8. Filters. 0.45-I.Jm, PTFE (for filtering sample 

solutions). 
9. Pipet. 5-ml. 

10. Syringes or micropipets, 1· to 1 OO·IJL 
11 . Ultrasonic bath. 
12. Gas chromatograph vlith FID, electronic 

integrator. and capillary column (page 551 5-1 ). 
13. Volumetric Oasks, 10· and 100-mL. 
14. Lighting in laboratory: incandescent or UV­

shtelded fluorescent. 

NIUSH Manual of Analytical Methods (NMAM) Fourth Ed1hon. 8/1 5194 



POLYNUCLEAR AROMATIC HYOROCARRONS by GC· Ml::.lHOD &SIS. lsouo :?. dnlc<.l 15 llugusr l!l!l•s. ""D" 3 ut 7 

SPECIAL PRECAUTIONS: T r e a t benzene, methylene ch lori de . and all po lynuc lear aromatic hydrocarbons as ca rc inogens. Neat compounds shoulcl be we i ghed in a glove bo x. Spent samples and unused standards are toxic waste . Regularly check counter tops and equipment with "b la ck l igh t " fo r fluorescence as an in di cator of contam:na\ion by PAH. 

SAMPLING : 

1. Calibrate each personal sampling pump with a representative sampler in line. 
2. Take personal samples at 2 Llmin for a total sample size of 200 to 1000 L. Take a concurrent set of eight replicate area samples at 2 to 4 Umin on prewe•ghed, 2-tJm PTFE filters in an area of highest expected PAH concentration. 

NOTE: The area samples are needed for solvent selection (step 7). 
3. Immediately after sampling, transfer the filter carefully with forceps to a scintillation vial. Hold filter at edge to avoid disturbing the deposit. Cap the scintillation vial and wrap it in aluminum foil. 

NOTE: This step is necessary to avoid loss of analytes due to sublimation and degradation by light. 
4. Cap the sorbenl tube and wrap it in aluminum foil. 
5. Ship to laboratory in insulated container with bagged refrigerant. 

SAMPLE PREPARATION: 

NOTE: UV light may degrade PAH. Use yellow. UV-absorbing shields for fluorescent lights or use incandescent lighting. 
6. Refrigerate samples upon receipt at laboratory. 
7. Determine optimum extraction solvent. 

a. Allow the preweighed area filter samples to equilibrate 24 h with the laboratory atmosphere. b. Weigh the area filters. Determine total weight collected on each. 
c. Extract the first pair of area filters with acetronitrile. the second w1th benzene, the third with cyclohexane, and the fow1h with methylene chloride, according to step 8. 

NOTE: Use alternate solvents, if appropriate. PAH of interest may be entrained within, and adsorbed by, particulate matter collected on the tiller. II is necessary to determine 
the solvent v1hich maximizes recovery of the PAH from each sample matrix. For 
example, methylene chloride [3,4] and benzene:ethanol (4:1 v/v) {5) have been 
recommended for extraction of PAH from diesel exhaust particulate. 

d Analyze the extracts for the PAH of interest (steps 10 through 18). Normalize the total mass of PAH found to the mass of sample collected. 
e. Choose the solvent which gives the highest recovery of PAH of interest Use the solvent chosen to extract the personal fil ter samples. 

8. Extract f11ters. 
a. Add 5.0 ml of the solvent chosen in step 7 to each scintillation vial contaimng a fi lter. Start medra and reagent blanks at this step. 
b. Cap and let stand 15 to 20 min in an ultrasonic bath. 

NOTE: Soxhlet extraction may be required when large amounts or highly adsorptive 
particulate matter (e.g., fly ash or diesel soot) are present. 9. Desorb PAH from sorbent. 

a. Score each sorbent tube with a file in front of the primary (larger) sorbent section Break tube at score line. 
b. Transfer from glass wool plug and front sorbent section to a culture tube. Transfer back 

NIOSH M;Jnual ol Analyl•cal Methods (NIMM). Fcurlh Edrllon 6115/94 
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sorbent section and the middle glass wool plug to a second culture tube. c. Add 5 0 rnl toluene to each culture tube. Cap the culture tubes. d. Allow samples to stand for 30 min. Swirl occasionally. 1 0. Filter all sample extracts through an 0.45-I.Jm membrane filter. 

CALIBRATION AND QUALITY CONTROL: 

11. Calibrate daily with at least six \'/orking star'dards. 
a. Dilute aliquots or calibration stock solution with toluene in 1 0-ml volumetric flasks (e.g • to 5. 1, 0.2, 0.05, and 0.005 I.Jg/mL). 
b. Intersperse working standards and samples in the measurements. c. Prepare calibration grapl1s (peak area vs. IJ9 of each PAH per sample). 12. Recovery and desorption efficiency. 
a. Determine recovery {R) from filters and desorption efficiency (DE) from sorbent tubes at least once for each lot of f1lters and sorbent tubes used in the range of interest. (1) Filters Using a microliter syringe or micropipette, spike four filters at each of five concentration levels with calibration stock solution. Allow the filters to dry in the dark overnight. Analyze the filters (steps 8. 10, and 14 through 16). Prepare graphs of R vs. amounts found. 

NOTE: Th1s step may not be used for some highly adsorptive particulate matrices for which calibration by the method of standard additions may be more accurate. (2) Sorbent tubes. Transfer an unused front sorbent section to a culture tube. prepare a total of 24 culture tubes in order to measure DE at five concentration levels plus blanks in quadruplicate. Using a microliter syringe or micropipette. add calibration stock solution directly to sorbent. Cap culture tubes and allow to stand overnight in the dark Analyze (steps 9, 10, and 14 through 16). Prepare graphs of DE vs. amounts found. b. Check R and DE at two levels for each sample set. in duplicate. Repeat determination of R and DE graphs if checks do not agree to within ±5% of DE graph 13. Analyze at least three field blanks for each sample medium. 

MEASUREMENT: 

14. Set GC according to manufacturer's recommendations and to the conditions on page 5515·1. 15. Inject sample aliquot. Start temperature program. 16. Measure peak areas. 
NOTE 1: Approximate retention times appear in Table 4. NOTE 2: If peak area is above the calibration range, dilute with appropriate solvent, reanalyze, and apply dilution factor in calculations. NOTE 3: If sample has many interferences. additional sample cleanup may be necessary. 

CALCULATIONS: 

Many cleanup procedures have been published. Liquid-liquid parti tioning between cyclohexane and nitromethane [6, 7) is widely used, but other techniques may be more appropriate for specific samples 

17. Read the mass. j.Jg (corrected for R or DE) of each analyte found on the filler (W) and front sorbent (W 1) and back sorbent (W 
0 ) sections, and on the average media blank fil ter (B) and front sorbent (8 1) and back sorbent (8 b) sections from the calibration graphs. 18. Calculate concentration. C (mg/m \ in air as the sum of the particulate concentration and the vapor concentration using the actual air volume sampled, V (L). 

NIOSH Manual of Analy llcal Methods (NMAM). Foutlh Edtlion. 8115/94 
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c ( W - B + W1 + Wb - 81 - Bb ) 
3 V , mg/m . 

EVALUATION OF METHOD: 

Owing to large interferences that occured while utilizing NIOSH Method P&CAM 206 for samples collected during asphalt roofing operations, the gas chromatographic capillary column method was developed. The GC method has been evaluated using several hundred field filter and sorbent tube sampling trains. To date, no statistical studies have been initiated. Overall, standard spiked filters and sorbent tubes have yielded reproducible measurement calibration graphs. The method has been applied to the following sources with semi-quantitative results using three separate particulate extraction solvents (benzene, cyclohexane, acetonitrile): aluminum reduction facilities, asphalt fume, coal gasification plants. coal liquefaction plants, coal tar pitch, coke oven emissions. creosote treatment facilities, diesel exhaust, graphite electrode manufacturing, petroleum pitch. and roofing tearoff operations. 
REFERENCES: 

(1 J UBTL, Inc., NIOSH Sequence #4220-0 {NIOSH, unpublished. August 10, 1984) (2) NIOSH Manual of Analytical Methods. 2nd ed., Vol. 1, U.S. Department of Health, Education, and Welfare. Publ. (NIOSH) 77-157-A {1977). 
(3) Breuer, G. M. 6llilL!.&l!..1l {A11), 1293-1306 (1984}. 
(4) Zweidinger, R. B., S. B. Tejada, D. Dropkins, J. Huisingh, and L. Claxton. "Characterization of Extractable Organics in Diesel Exhaust Particulate," paper presented at Sympos1um on Diesel Particulate Emissions Measurement Characterization. Ann Arbor, Ml (1978). (5) Swarin, S. J. and R. L. Williams. "Liquid Chromatographic Determination of Benzo[a)pyrene 1n Diesel Exhaust Particulate: Verification of the Collection and Analytical Methods,'' Polynuclear Aromatic Hydrocarbons: Physical e.m!...Biological ~. Bjorseth, A. and Dennis, Eds., Battelle Press, pp. 771· 790 (1980). 
{6}\Mse, S A , .ttl 21. "Analytical Methods for the Determination of Polycyclic Aromatic Hydrocarbons on Air Particulate Matter," Polynuclear Aromatic Hydrocarbons· Physical illlQ_Biologjcal Cbem1stry Cooke, Dennts and Fisher, Eds., Battelle Press. pp. 919-929 (1982). {7) Novotny, M., M. L. Lee and K. D. Bartle. J. Chromatog. Sci., 1.2. 606-612 (1974). {8) Backup Data Report for Method 5506, Analytical Report for NIOSH Sequence 4170 (NJOSH, DPSE, MRSB, unpublished, March 16, 1984) 
{9] Studt., P., ~&ln...~ .. 528 {1978}. 

(10) Clar, E. Polycyclic Hydrocarbons , Academic Press (1964}. (11] Handbook of Chemistry and Physics. 62nd ed., CRC Press {1982). [12] Beilstein ~ (1), 344. 

METHOD REVISED BY: 

B.R. Belinky, NIOSH/DPSE, and E.J. Slick; J.C Holt, D.E. Bilak, and J.B. Perkins, DataChem Laboratories, Inc., Salt Lake City. UT. 

NIOSH W.anual of ArtalyliC<ll Mctnods (NMAM). FoJrlh Edition. o/15/94 
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Table 1. Formulae a nct physical properties. 

MELTING BOILING 
EMPIRICAL MOLECULAR POINT POINT COMPOUND (]aM...W.,j_ EQBMLl!.~ -~ -~ .~.:. Bf.f. 

1. NAPHTHALENE C,)Hs 128.17 80.2 218 (1 01 2. ACENAPHTI-'IYLENE C12Ha 152.20 92-93 265-275 [11 I 3. ACENAPHTHENE C .2H to 154.21 96.2 279 111 I 4. FLUORENE C 13H10 166.22 116 293-295 [10) 5. ANTHRACENE C,.H,0 178 23 218 340 [10] 
6. PHENANTHRENE Ctt.H ,o 178.23 100 340 (10) 7. FLUORANTHENE C 11;H ,:> 202.26 110 384' (10), (12) 8. PYRENE c hlH1\) 202.26 156 393 (10) 9. BENZ(a)ANTHRACENE C,aH ,2 228.29 162-167 435 [101 10. CHRYSENE C ,aHt2 228.29 255-256 448 [10) 11 BENZO[b]FLUORANTHENE C20H12 252.32 168 (10) 12. BENZO[kiFLUORANTI-iENE C20H12 252.32 217 480 (11 I 13. BENZO[a]PYRENE Cn,Ht2 252.32 179 495 [10] 14. BENZO(e]PYRENE C2cH12 252 .32 178-179 .. (1 0) 15. BENZO(ghi)PERYLENE c 22H•2 276.34 273 (10] 16. INOEN0(1 ,2 ,3-cd)PYRENE C22HI2 276.34 161.5-163 530 (9) 17. DIBENZ(a,h)ANTHRACENE c , H,, 278.35 267 524 [10) 

•Many of these compounds will sublime. 

Table 2. Synonyms. 

~QI!lfQU~Q lalubabe lis:all~l 

1. ACENAPHTHENE 
2. ACENAPHTHYLENE 
3. ANTHRACENE 
4. BENZ(a]ANTHRACENE 

5. BENZO[biFLUORANTHENE 

6. BENZO(k)FLUORANTHENE 
7. BENZO[ghi]PERYLENE 
8. BENZO[a)PYRENE 

9. BENZO[e]PYRENE 

10. CHRYSENE 

11. DIBENZ[a,h)ANTHRACENE 
12. FLUORANTHENE 
13. FLUORENE 
14. INDEN0(1 ,2,3-cd)PYRENE 
15. NAPHTHALENE 
16. PHENANTHRENE 
17. PYRENE 

SYNONYMS 

CASil 83-32-9: RTECS# AB1000000 
CAS# 208-96-8; RTECS# AB1254000 
CAS# 120-12-7; RTECS# CA9350000 
1,2-benzanthracene; benzo(blphenanthrene; 2,3-
benzophenanthrene; tetraphene; CAS# 56-55-3: RTECS# 
CV9275000 
3.4-benzofluoranthene; 2,3-benzofllJOranthene, 
benz[e)acephenanthrylene: B[b]F; CAS :J 205-99-2; RTECSil 
CU1400000 
11 .12-benzofluoranlhene; CAS# 207 -08-9; RTECS# OF6350000 
1.12-benzoperylene; CASit 191-24-2: RTECS# 016200500 
3,4-benzopyrene; 6,7-benzopyrene; B[a)P; BP; CAS# 50-32-8: 
RTECS# OJ3675000 
1.2-benzopyrene; 4,5-benzopyrene; B[e)P; CAS II 192-97 -2; 
RTECStt OJ4200000 
1,2-benzophenanthrene; benzo(a)pllenanthrene: CASU 218-01-9: 
RTECSil GC0700000 
1 ,2,5,6-dibenzantt1racene; CAS# 53-70-3: RTECStt HN2625000 
benzoUk)Ouorene: ldryl, CAS# 206-44-0, RTECS# LL4025000 
o-biphenylenemethane: CAS# 86-73-7; RTECS# LL5670000 
2,3-phenylenepyrene; CAS11193-39-5; RTECS# NK9300000 
naphthene: CAS# 91-20-3; RTECS# OJ0525000 
CAS# 85-01-8; RTECS# SF7175000 
benzo(denphenanthrene; CAS# 129-00-0: RTECS# UR2450000 

NIOSH Manual of Anatyt•C31 Methods (NMA~}. Fourth Edohon 8/1519< 
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Table 3. Exposure limits. 

ACF.NAPHTHENE 
2 ACENAPHThYLENE 
3 ANTHRACENE 0 2 mgim' 
4 SENZ[A)ANTHRACENE 
5 BENZO[B]FLUORANTHENE 

suspecl carcrnogen 6 BENZO[K]FLUORANT riENE 
7 BENZO[GHI]PERYLENE 
8 BENZO[A!PYRENE 0 2 rng/m1 (benzene sol) 0.1 rngim' (cyc!onexar1e sol.) suspect carcmogen 9 BENZOjE jPYRENE 

10 CHRYSENE 0 2 mg/m 1 (benzene sol) lowest leasrble. carconogcn suspect carcmogen 11 DIBENZ(A.H]ANTHRACEf\E 
12. FLUORANTHENE 
13. FLUOREf\E 
1<: INDI:NO[ 1.2.3-COjPYRENE 
15 NAPHTIIAL[NE 10 ppm 10 ppm; STEL 15 ppm 10 ppm, STEL 15 ppm 16 PHENANTHRENE 0 2 mgfrr1 1 

17. PYRENE 

Table 4. A pproximate PAH retention times. 

COMPOUND RETENTION TIME fmjn)* 1. NAPHTHALENE 
2. ACENAPHTHALENE 
3. ACENAPHTHENE 
4. FLUORENE 
5. PHENANTHRENE 
6. ANTHRACENE 
7. FLUORANTHENE 
8. PYRENE 
9. BENZ(a]ANTHRACENE 

10. CHRYSENE 
11. BENZO[e]PYRENE 
12. BENZO[b]FLUORANTHENE 
13. BENZO[k]FLUORANTHENE 
14. BENZO(a]PYRENE 
15. DIBENZ[a,h)ANTHRACENE 
16. BENZO(ghi)PERYLENE 
17. INDEN0[1,2,3·cd)PYRENE 

not available 
7.66 
8.37 
10.5 
15.0 
15.3 
21.4 
22.6 
29.4 
29.6 
36.4 
35.1 
35.2 
36.2 
43.9 
45.6 
43.6 

·NOTE: Actual retention times will vary with indiviclual columns and column age. 

NIOSH Manual of Analytocal Methods (NMAM), FourH1 Edrtron. 8/15/94 
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420 I akl) /\venue October 29, 2007 
S1mt Jmnes. Ne,·: York 11 7110 
G31.51H.5<1!l2 

Mr. Etic Vonderhorst 
Port Washington Union Free School District 
Administration Building 
90 Avenue C 
Port Washington, New York 11050 

Re: 

J CB#: 

Ambient Air Sampling for P AH's 
Schreiber High Schoo l Football Field 
101 Campus Drive 
Port Washington, New York 11050 
Sampling Date: October 17, 2007 

07-12078 

Dear Mr. Vanderhorst: 

Fax 631 58 1.339~ 

1'.\'/\'/.J~brorferick co111 

J. C. Broderick & Associates, Inc. (JCB) was retained to investigate the concerns raised in a News 
12 Long Island "Focus 12: Toxic Turf' segment which aired on October 15, 2007. Specifically, 
News 12 reported that they collected samples of a "P011 Washington field for lab studies" and 
reported the presence of three cancer-causing chemicals that were in excess of state safety levels. 

During the viewing of the News 12 segment, a New York State Department of Environmental 
Conservation (NYS DEC) logo was displayed suggesting that the turf sampling results were 
compared to NYS DEC published "safe levels". It should be noted that the NYS DEC does not 
establish "safe limits" for human exposure to chemicals and or hazardous substances, instead, they 
identify levels designed to protect the environment (e.g. soil clean up projects, water quality, etc.). 
Therefore it appears that News 12 may have eiToneously compared their data to NYS DEC 
guidelines, which have been established to protect the environment and not as a means of 
determining the potential for human exposure or "safe limits." Since JCB does not have a copy of 
News 12' s sampling methodology, laboratory analytical report, and or the state document referencing 
"safety levels", we can not comment on the accuracy and or reliability of their findings. 

The News 12 Focus segment reported the following chemicals, classified as polycyclic aromatic 
hydrocarbons or PARs, "in excess of state safety levels": 

• Pyrene, 
• BenzoPyrene, and 
• Chrysene. 
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October 29. 2007 
Mr. Eric Vonderhorsl 
Port Washington Union Free School District 
Ambient Air Sampling for PAH's 
Schreiber High School Football Field 
Sampling Date: October 17, 2007 
JCBII: 07-12078 

It is not disputed that the chemicals identified in News 12's sample are typically present within the matrix of the rubber used to make synthetic fields; therefore tllis study focuses on the 
potential routes of exposme for users (athletes, coaches, etc.) to be exposed to these chemicals 
while using the athletic field. 

Background Information on Polycyclic Aromatic Hydrocarbons 

The Agency for Toxic Substances and Disease Registry (A TSDR) states that PAlls are a group of 
over 100 different chemicals that are formed during the incomplete burning of coal, oil and gas, garbage, or other organic substances like tobacco or charbroiled meat. P AHs are usually found as a mixture containing two or more of these compounds, such as soot. Some PAHs are naturally 
occurring in the environment, while others are manufactured. PAils are found in coal tar, crude oil, 
creosote, and roofing tar, asphalt and some are used in medicines or to make dyes, plastics, and pesticides. 

Some types of PAH' s have been identified as carcinogenic, or cancer causing, agents. The Occupational Safety and Health Administration (OSHA), the National Institute for Occupational Health and Safety (NIOSH) and the American Congress of Governmental Industrial Hygie11ists (ACGIH) have all promulgated occupational exposure limits to airborne concentrations ofPAH's. 

Dermal Absorption 

PAI-ls can be absorbed tlu·ough the skin (dermal exposure). Typical exposures come from the handing of contaminated soil or battling in contaminated water. Absorption exposure oflow levels can also occur in people who use PAR-containing medicated skin creams or shampoos. 

In the case of synthetic athletic fields, like the one at the above referenced facility, P AH 's are found within the matrix ofthe rubber, therefore, exposure to PAH's through skin contact with the surface of the athletic field during normal use is unlikely. More significant potential exposme routes include 
ingestion and inhalation. 

Ingestion Hazard 

P AH exposure can occur through ingestion. It has been repor1ed that eating foods grown in 
contaminated soils and by eating grilled foods can increase the amount ofPAHs in the food. Other 
foods that may contain low levels ofP AHs include roasted coffee, roasted peanuts, refined vegetable oil, grains, vegetables and fruits. It has been repor1ed that the general population ingests 1-9 
nlicrograms of P AHs per day through consumption of food, making food the primary route of exposure. 

Page 2 of 4 



October 29, 2007 
Mr. Eric Vonderhorst 
Port Washington Union Free School Dist rict 
Ambient Air Sampling for PAH's 
Schreiber High School Football Field 
Sampling Date: October 17, 2007 
JCB#: 07-12078 

It is anticipated that there will be some residue from the rubber material (e.g. rubber crumbs) of the athletic field at the above referenced facility, and when adhered to the children 's hands or picked up could be ingested. However it is expected that the P AHs will leave the body through urine and feces in just a matter of days. The rubber matrix is not expected to be easily absorbed by the body during the digestive process and therefore would not be considered a significant threat. To minimize and or eliminate this potential exposure it is recommended that all users of the field be instructed to wash their hands and skin after p laying on the field. In general, it is a good practice to always encourage and utilize good hygiene amongst atl1letes, regardless of whether the playing field is artificial or natural. 

Inhalation 

Most studies and literature on PAH exposure indicate that inhalation, or breathing of contaminated air, is a common route of exposure. Inhalation exposure can be attributed to breathing in fumes from vehicle exhaust, coal, coal tar, asphalt, wild fires, agricultural burning and cigarette/tobacco smoke. The operation of the athletic field does not typically include "buming it" and therefore this type of fume release is not an anticipated form of exposure. 

P AHs are semi-volatile compounds, which mean that they do not easily evaporate. It is expected that the rubber material will have to be heated to a temperature of approximately 250 oF for any significant amount of the PAHs to evaporate fi·om the rubber material. It is not expected that the field material will reach this temperature during ambient conditions and uses. 

If the rubber field material did reach this temperature and PAl-Is did evaporate, they would be out­gassing to an outdoor, open field environment. Which means that the concentrations or presence of these parameters would be diluted immediately with the am bient air and would not reasonably be expected to be present at any harmful concentration. 

Inhalation of airborne PAH's while utilizing the above referenced athletic field for its intended purposes, does not appear to be a feasible means of exposure and is unlikely. However as a quality assurance measure, P AH air sampling on and around the above referenced playing field was conducted. 

Air Sampling Protocol 

The air sampling was perfonned utilizing laboratory supplied sorbent tubes in accordance with the NlOSH Manual of Analytical Methods (NMAM) Method 5515, Polynuclear Aromatic Hydrocarbons by GC (fom1b edition 8/15/94 ). The samples were collected by an experienced JCB environmental sampling technician, assigned individual identification numbers, Jogged into a chain of custody document, and delivered via courier to an independent envirorunentallaboratory approval program 

Pnge 3 of 4 



October 29, 2007 
Mr. Eric Va nderhorst 
Port Washington Union free School District 
Ambient Ai r Sampling for PAH's 
Schreiber High School Football Field 
Sampling Date: October 17, 2007 
JCBII: 07-12078 

(ELAP) certified laboratory for analysis. 

Air Sampline Results 

The PAH air testing, performed on and around the athletic field of the above referenced facility, did not reveal the presence of any detectable concentrations ofP AH 's. All sixteen P AH' s analyzed were found to be below the JaboratOl)' minimum detection limit (MDL) of 6 micrograms per cubic meter (ug/m3
). It should be noted that, the tlu·ee types of PAH's identified in the News 12 investigation (Chrysene, Benzo(a)pyrene, and Pyrene), were observed below the laboratory MDL. A copy of the chain of custody form, laboratory analytical report, and JaboratOl)' analytical method can be referenced as an at1aclm1ent to this letter. 

Recommendations 

Based upon the information reviewed on PAH exposure in humans and the results of the PAH air testing performed, the potential for exposure toP AH's during nom1al use oft he athletic field, at the above referenced facility, appears to be mutimal or insigJtificant. 

However, to miniJnjze any potential for exposure the following is recommended: 

Emphasize good hygiene practices (e.g. washu1g hands, showering, routine cleaning of unifom1s, etc.) by athletes using the field, 

ln the event that there is a school function during which younger cltildren with the significant potential to put the synthetic turf, or pieces ofmbber in their mouth exists, adult supervision should be present. 

If you have any questions or are in need of additional information, please feel free to contact me. 

Sincerely, 

B~-
J. C. Broderick & Associates, Inc. 

Attch. 
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J.C. Broderick & Associates 
Brendan Broderick 
420 Lake Avenue 
Saint James, NY 11780 

Dear Mr.· Broderick: 

October 19, 2007 

Enclosed please find the Laboratory Analysis Report(s) for sample(s) received on October 18, 2007. Long Island Analytical Laboratories analyzed the samples on October 18, 2007 for the following: 

CLIENT lO ANALYSIS 
SV1-A SE Corner of Building EPA 8270PAH SV2-A Synthetic Turf Field EPA 8270PAH 
SV2·B Synthetic Turf Field EPA 8270PAH 

FB-1 Field Blank EPA 8270PAH 

If you have any questions or require further inform.ation, please call at your convenience. Long Island Analytical Laboratories Inc. Is a NELAP accredited laboratory. All reported results meet the requirements of the NELAP standards unless noted above. Report shall not be reproduced except in full, without the written approval of the laboratory. Long Island Analytical Laboratories would like to thank you for the opportunity to be of service to you. 

Best Regards. 

Long Island Analytical Laboratories, Inc. 

11 o Colin Drive • Holbrook, New York 1174'1 Phone (631) 472-3400 • Fax (631) 472-8505 • Email : LIAL@Iialinc.com 
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Client: JC Broderick Client ID: Schrieber HS, Port 
Washington (FB-1) 

Date received: 10/18/07 Laboratory 10: 1146929 
Date extracted: 10/18/07 Matrix: Air 
Date analyzed: 10/18/07 ELAP #: 11693 

PARAMETER CASN 0 MDL RE T SUL S ug Flag 
ACENAPHTHENE 83-32-9 1 ug <1 

J\CENAPHTHYLENE 208-96-8 1 ug <1 
ANTHRACENE 120-12·7 1 ug <1 

BENZO(a}ANTHRACENE 56-55-3 1 ug <1 
BENZO(a)PYRENE 50-32-8 1 ug <1 

BENZO(b)FLUORANTHENE 205-99-2 1 ug <1 
BENZO(ghi)PERYLENE 191-24-2 1 ug <1 

BENZO(k)FLUORANTHENE 207-08-9 1 ug <1 
CHRYSENE 218-01-9 1 UQ <1 

DIBENZO(e,h)ANTHRACENE 53-70-3 1 UQ <1 
FLUORANTHENE 206-44-0 1 UQ <1 

FLUORENE 86-73-7 1 UQ <1 
INDEN0(1 ,2,3-cd)PYRENE 193-39-5 1 ug <1 

NAPHTHALENE 91-20-3 1 UQ <1 
PHENANTHRENE 85-01-8 1 ug <1 

PYRENE 129-00-0 1 ug <1 
MDL= Mlmmum Detect1on Limit. Calculated on a wet weight baSIS 

Michael Veraldi-Laboratory Director 

LONG 

110 Colin Drive • 1-lolbrook , New York 117 41 

'ISLAND 
ANALY11CAL 
LABOR·ATORES INC. 

Phone (631) 472-3400 ·Fax (631) 472-8505 · Email: LIAL@ Iialinc.com 
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Client JC Broderick Client ID: Schrieber HS, Port 
Washing_ton(SV1-A Comer of Building) Date received: 10118/07 Laboratory ID: 1146926 

Date .extracted: 10/18/07 Matrix: Air 
Date analyzed: 10/18/07 ELAP #: 11693 

EPA METHOD 8270·PAH 

PARAMETER 
ACENAPHTHENE 

ACENAPHTHYLENE 
ANTHRACENE 

BENZO(a)ANTHRACENE 
BENZO(a)PYRENE 

BENZO~)FLUORANTHENE 
BENZO(ghi)PERYLENE 

BENZO(k)FLUORANTHENE 
CHRYSENE 

Dl BENZO(a, h)ANTHRACENE 
FLUORANTHENE 

FLUORENE 
INDEN0(1 ,2,3-cd)PYRENE 

NAPHTHALENE 
PHENANTHRENE 

PYRENE .. . . MOL = Mtmmum Detectton Umtt. 

LONG 
ISLAND 
ANALY'nCAL 
LABORATORIES INC. 

CAS N 0 MDL RESULTS I 3 Fl u_g1m ag 
83-32-9 6 ug/m3 <6 

208-96-8 6 ug/ma <6 
120-12-7 6 ug/mJ <6 
56-55-3 6 ug/m;) <6 
50-32-8 6 ug/m3 <6 
205~99-2 6 ug/m;) <6 
191-24-2 6 ug/m3 <6 
207-08-9 6 ug/m;) <6 
218-01-9 6 ugtm· <6 
53-70-3 6 ug/m~ <6 

206-44-0 6 ug/m3 
<6 

86-73-7 6 ug/m~ <6 
193-39-5 6 ug/m3 <6 
91-20-3 6 ug/m, <6 
85-01-8 6 ug/m3 <6 
129-00-0 6 ug/m" <6 

Calculated on a wet wetght basis 

Michael Veraldi-Laboratory Director 

110 Colin Drive • Holbrook. New York 11 7 41 
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Client: JC Broderick Client 10: Schrieber HS, Port 
Washington (SV2-A Synthetic Turf 
Field) 

Date received: 10/18/07 Laboratory 10; 1146927 Date extracted: 10/18/07 Matrix: Air 
Date analyzed: 1 0/18/07 ELAP #: 11693 

EPA METHOD 8270 .. PAH 

PA RAMETER ASN c 0 MDL RE SULTS ug/m 3 Flag ACENAPHTHENE 83-32-9 6 ug/m;, <6 ACENAPHTHYLENE 208-96-B 6 ug/m3 <6 ANTHRACENE 120-1 2-7 6 ug/m3 <6 BENZO(a}ANTHRACENE 56-55-3 6 uq/m3 <6 BENZO(a)PYRENE 50-32·8 6 ug/m3 <6 BENZO(b}FLUORANTHENE 205-99-2 6 ug/m3- <6 BENZO(ghi)PERYLENE 191 -24-2 6 ug/m3 
<6 BENZO(k)FLUORANTHENE 207-08-9 6 ug/m3 
<:6 CHRYSENE 218-01-9 6 ug/m3 <6 DIBENZO(a,h)ANTHRACENE 53-70-3 6 ug/m3 
<6 FLUORANTHENE 206-44-0 6 uq/mJ <6 FLUORENE 86-73-7 6 ug/m3 
<6 INDEN0(1 2 3-cd}PYRENE 193-39-5 6 ug/m3 <6 NAPHTHALENE 91-20-3 6 ug/mJ <6 PHENANTHRENE 85-01-8 6 ug/m3 <6 PYRENE 129-00-0 6 ug/m3 <6 MDL = Mmlmum Detection Limit. Calculated on a wet weight basts 

Michael Veraldi-Laboratory Director 

I 
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Client: JC Brodericl< Client ID: Schrieber HS, Port 
Washington (SV2-B Synthetic Turf 
Field) 

Date received: 10/18/07 Laboratory I D: 1146928 
Date extracted: 1 0/18/07 Matrix: Air 
Date analyzed: 1 0/18/07 ELAP #: 11693 

EPA METHOD 8270-PAH 

PARAMETER 
ACENAPHTHENE 

ACENAPHTHYLENE 
AN:rHRACENE 

BENZO(a)ANTHRACENE 
BENZO(a)PYRENE 

BENZO(b)FLUORANTHENE 
BENZO(QhOPERYLENE 

BENZO(k)FLUORANTHENE 
CHRYSENE 

DIBENZO(a,h)ANTHRACENE 
FLUORANTHENE 

FLUORENE 
INDEN0(1.2 3-cd)PYRENE 

NAPHIHALENE 
PHENANTHRENE 

PYRENE 
- .. . . MDL - Mln1mum Detectton Lrm1t. 

LONG 
ISLAND 
ANALYT1CAL 
LABORATORIES INC. 

CASN 0 MDL. RESULTS I 3 F ugm lag 
83-32-9 6 uQ/mJ <6 

208-96-8 6 ug/mJ <6 
120-12-7 6 ua/m3 <6 
56-55-3 6 ug/m" <6 
60-32-8 6 ugfm" <6 
205~99-2 6 uo/mJ <6 
191-24-2 6 ua/ma <6 
207-08-9 6 ua/m" <6 
218-01-9 6 uq/m.s <6 
53-70-3 6 ug/m" <6 

206-44-0 6 ua/mJ <6 
86-73-7 6 ug/m;s <6 
193-39-5 6 uafma <6 
91-20-3 6 uo/m" <6 
85-01-8 6 ua/m" <6 

129-00-0 6 ug/m" <6 
Calcu lated on a wet welgl1t basis 

Michael Veraldi-Laboratory Director 

110 Colin Drive · Holbrook_, New York 11741 
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POLYNUCLEAR AROMATIC HYDROCARBONS by GC 5515 

Table 1 MW: Table 1 CAS: Table 2 

METHOD: 5515, Issue 2 EVALUATION: PARTIAL 

NIOSH: Table 3 
OSHA: 

COMPOUNDS: acenaphthene 
acenaphthylene 
anthracene 
benz(a)anthracene 
benzo[b)Ouoranthene 
benzo[k)Ouoranthene 

SYNONYMS: PAH: PNA: also see Table 2. 

SAMPLING 

SAMPLER: FILTER + SORBENT 
(2-vm. 37-mm PTFE +washed XAD-2. 
100 mg/50 mg) 

FLOW RATE: 2 Umin 

VOL-MIN: 200 L 
-MAX: 1000 L 

benzo[ghl)perylene 
benzo(a)pyrene 
benzo(e)pyrene 
chrysene 
dibenz(a.h)anthracene 
Ouoranthene 

METHOD: 

ANALYTE: 

EXTRACTION: 

SHIPMENT: transfer filters to culture tubes; wrap sorbent 
and culture tubes in AI foil; ship @ 0 •c 

INJECTION 
VOLUME: 

COLUMN: SAMPLE 
STABILITY: unknown; protect from heat and UV radiation 

RTECS: Table 2 

Issue 1: 15 May 1985 
Issue 2: 15 August 1994 

PROPERTIES: Table 1 

Ouorene 
indeno[1,2.3-cd)pyrene 
naphthalene 
phenanthrene 
pyrene 

MEASUREMENT 

GAS CHROMATOGRAPHY. CAPILLARY 
COLUMN, FlO 

compounds above 

5 mL organic solvent appropriate to 
sample matrix (step 7) 

4 11L: 10:1 split 

30m x 0.32-mm 10. fused silica capillary. 
1-vm DB-5 

FIELD BLANKS: 2 to 10 field blanks per set 
TEMPERATURE~NJECTOR: 

·DETECTOR: 
-PROGRAM: 

200 ·c 
250 ·c 
130 to 290 •c @ 4 •ctmin MEDIA BLANKS: 6 to 10 

AREA SAMPLES: 8 replicates on prewelghed filters ror 
solvent selection 

ACCURACY 

RANGE STUDIED, ACCURACY, BIAS, and OVERALL 
PRECISION (S,r): not measured 

GASES-CARRIER: 
-MAKEUP: 

LOD: 

CALIBRATION: 

He@ 1 mUmin 
He @ 20 mL/min 

ca. 0.3 to 0.5 vg per sample 111 

external standards In toluene 

RANGE, LOD, and PRECISION (S,): EVALUATION OF 
METHOD 

APPLICABILITY: The working range ror B(a)P is 3 to 150 vglm ' for a 400-L air sample. Specific sample sets may require modification in filter extraction solvent. choice or measurement method. and measurement conditions. 

INTERFERENCES: Any compound which elutes at the same GC retention time may interfere. Heat. ozone. NO 1 , or UV light may cause sample degradation. 

OTHER METHODS: This revises P&CAM 183 [2). The spectrophotometric methods. P&CAM 184 and 186 [2). have not been revised. Method 5506 (HPLC) uses the same sampling technique and is more sensitive. 

NIOSH Manual or Analytical Methods (NMAM). Fourth Edition. 8/15/94 
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REAGENTS: 

1. Filter extraction solvent: acetonitrile, benzene, • 
cyclohexane, methylene chloride, • or other 
appropriate solvents, pesticide grade (step 7). 

2. Toluene, pesticide grade. 
3. Water, distilled, deionized. 
4. PAH reference standards,* appropriate to the 

PAH-containing matrix sampled. 
5. Calibration stock solution, 0.25 mg/ml. • 

Check purity of each PAH reference standard 
by GC/FI D, HPLCtnuorescence and/or melting 
point. Purify, if necessary, by recrystallization. 
Weigh 25 mg of each PAH into a 100-ml 
volumetric flask; dilute to volume with toluene. 
Stable six months if refrigerated and protected 
from light. 

6. Helium, prepurified. 
7. Hydrogen, dry. 
8. Air, filtered. 

See SPECIAL PRECAUTIONS. 

EQUIPMENT: 

1. Sampler: 
a. Filter. PTFE-Iaminated membrane filter, 

2-!Jm pore size, 37-mm diameter (Gelman 
Zefluor, Membrana, Pleasantown, CA. or 
equivalent) , backed by a spacer (37-mm 
00, 32-mm ID) cut from a cellulose 
support pad or SKC #225-23, in cassette 
filter holder. 
NOTE 1: If sampling is to be done in 

bright sunlight, use opaque or 
foil-wrapped cassettes to 
prevent sample degradation. 

NOTE 2: Take filters to be preweighed 
from the filter package and 
allow to equilibrate 24 h with 
laboratory atmosphere before 
taring. 

b. Sorbent tube, connected to filter with 
minimum length PVC tubing. Plastic caps 
are required after sampling. Washed 
XAD-2 resin (front = 100 mg; back = 50 
mg) (Supelco ORBO 43 or equivalent). 
Pressure drop at 2 Llmin airflow 1.6 to 2 
kPa (15 to 20 em H 20}. 

2. Personal sampling pump capable of operating 
for 8 h at 2 Umin, with flexible connecting 
tubing. 

3. Aluminum foil. 
4. Vial, scintillation, 20-ml, glass, PTFE-Iined 

cap. 
5. Refrigerant, bagged. 
6. Culture tubes, PTFE-Iined screw cap, 13-mm 

x 100-mm. 
7. Forceps. 
8. Filters, 0.45-l.fm, PTFE (for filtering sample 

solutions). 
9. Pipet, 5-ml. 

10. Syringes or micropipets, 1- to 100-!Jl. 
11. Ultrasonic bath. 
12. Gas chromatograph with FlO, electronic 

integrator, and capillary column (page 5515-1 ). 
13. Volumetric flasks, 10- and 100-ml. 
14. Lighting in laboratory: incandescent or UV­

shielded fluorescent. 

NIOSH Manual of Analytical Methods (NMAM). Fourth Edillon. 8/15/94 
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S PE C IA L PR E C A UTI O NS : T r e a I benzene, 
methylene chloride. and a l l polynuclear aromatic 
hydrocarbons as carcinogens. Neat compounds 
sh o uld be w e ighed i n a glove box. Spent samples 
and unused s t andards are toxic waste . Regularly 
check counter tops and equipment with " black 
light" for fluorescence as an indicator of 
contamination by PAH. 

SAMPLING: 

1. Calibrate each personal sampling pump with a representative sampler in line. 
2. Take personal samples at 2 Umin for a total sample size of 200 to 1000 L. Take a concurrent 

set of eight replicate area samples at 2 to 4 Umin on preweighed, 2-I.Jm PTFE filters in an area 
of highest expected PAH concentration. 
NOTE: The area samples are needed for solvent selection (step 7). 

3. Immediately after sampling, transfer the filter carefully with forceps to a scintillation vial. Hold 
filter at edge to avoid disturbing the deposit. Cap the scintillation vial and wrap it in aluminum 
foil. 
NOTE: This step is necessary to avoid loss of analytes due to sublimation and degradation by 

light. 
4. Cap the sorbent tube and wrap it in aluminum foil. 
5. Ship to laboratory in insulated container with bagged refrigerant. 

SAMPLE PREPARATION: 

NOTE: UV light may degrade PAH. Use yellow, UV-absorbing shields for fluorescent lights or use 
incandescent lighting. 

6. Refrigerate samples upon receipt at laboratory. 
7. Determine optimum extraction solvent. 

a. Allow the preweighed area filter samples to equilibrate 24 h with the laboratory atmosphere. 
b. Weigh the area filters. Determine total weight collected on each. 
c. Extract the first pair of area filters with acetronitrile, the second with benzene, the third with 

cyclohexane, and the fourth with methylene chloride, according to step 8. 
NOTE: Use alternate solvents, if appropriate. PAH of interest may be entrained within, and 

adsorbed by, particulate matter collected on the filter. It is necessary to determine 
the solvent which maximizes recovery of the PAH from each sample matrix. For 
example, methylene chloride (3,4] and benzene:ethanol (4:1 v/v) [5] have been 
recommended for extraction of PAH from diesel exhaust particulate. 

d. Analyze the extracts for the PAH of interest (steps 10 through 18). Normalize the total 
mass of PAH found to the mass of sample collected. 

e. Choose the solvent which gives the highest recovery of PAH of interest. Use the solvent 
chosen to extract the personal filter samples. 

8. Extract filters. 
a. Add 5.0 ml of the solvent chosen in step 7 to each scintillation vial containing a filter. Start 

media and reagent blanks at this step. 
b. Cap and let stand 15 to 20 min in an ultrasonic bath. 

NOTE: Soxhlet extraction may be required when large amounts of highly adsorptive 
particulate matter (e.g., fly ash or diesel soot) are present. 

9. Desorb PAH from sorbenl. 
a. Score each sorbent tube with a file in front of the primary (larger) sorbent section. Break 

tube at score line. 
b. Transfer front glass wool plug and front sorbent section to a culture tube. Transfer back 

NIOSH Manual of Analytical Melhods (NMAM), Fourth Edition. 8115/94 
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sorbent section and the middle glass wool plug to a second culture tube. 
c. Add 5.0 ml toluene to each culture tube. Cap the culture tubes. 
d. Allow samples to stand for 30 min. Swirl occasionally. 

1 o. Filter all sample extracts through an 0.45·1Jm membrane filter. 

CALIBRATION AND QUALITY CONTROL: 

11 . Calibrate daily with at least six working standards. 
a. Dilute aliquots of calibration stock solution with toluene in 10-ml volumetric flasks (e.g., to 5, 1, 0.2, 0.05, and 0.005 J.Jg/ml). 
b. Intersperse working standards and samples in the measurements. 
c. Prepare calibration graphs (peak area vs. I.Jg of each PAH per sample). 

12. Recovery and desorption efficiency. 
a. Determine recovery (R) from filters and desorption efficiency (DE) from sorbent tubes at least once for each lot of filters and sorbent tubes used in the range of interest. 

(1) Filters. Using a microliter syringe or micropipette, spike four filters at each of five 
concentration levels with calibration stock solution. Allow the filters to dry in the dark overnight. Analyze the filters (steps 8, 10, and 14 through 16). Prepare graphs of R vs. amounts found. 
NOTE: This step may not be used for some highly adsorptive particulate matrices for 

which calibration by the method of standard additions may be more accurate. (2) Sorbent tubes. Transfer an unused front sorbent section to a culture tube. prepare a total of 24 culture tubes in order to measure DE at five concentration levels plus blanks in quadruplicate. Using a microliter syringe or micropipette, add calibration stock 
solution directly to sorbent. Cap culture tubes and allow to stand overnight in the dark. Analyze (steps 9, 10, and 14 through 16). Prepare graphs of DE vs. amounts found. b. Check R and DE at two levels for each sample set, in duplicate. Repeat determination of R and DE graphs if checks do not agree to within ±5% of DE graph. 

13. Analyze at least three field blanks for each sample medium. 

MEASUREMENT: 

14. Set GC according to manufacturer's recommendations and to the conditions on page 5515-1. 15. Inject sample aliquot. Start temperature program. 
16. Measure peak areas. 

NOTE 1: Approximate retention times appear in Table 4. 
NOTE 2: If peak area is above the calibration range, dilute with appropriate solvent, 

reanalyze, and apply dilution factor in calculations. 
NOTE 3: If sample has many interferences, additional sample cleanup may be necessary. 

CALCULATIONS : 

Many cleanup procedures have been published. Liquid-liquid partitioning between 
cyclohexane and nitromethane [6,7) is widely used, but other techniques may be 
more appropriate for specific samples. 

17. Read the mass, J.Jg (corrected for R or DE) of each analyte found on the filter (W) and front sorbent 0JV ,) and back sorbent (W b) sections, and on the average media blank filter (B) and front sorbent (8,) and back sorbent (8 b) sections from the calibration graphs. 
18. Calculate concentration, C (mg/m 3

), in air as the sum of the particulate concentration and the vapor concentration using the actual air volume sampled, V (L). 

NIOSH Manual of Analytical Methods (NMAM). Fourth Edllion. 8/15/94 
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C 
( W - B + W1 + Wb - B1 - Bb ) gj 3 .!-----~-__;;:___..:....___..=..__.!. , m m . 

v 

EVALUATION OF METHOD: 

Owing to large interferences that occured while utilizing NIOSH Method P&CAM 206 for samples 
collected during asphalt roofing operations, the gas chromatographic capillary column method was 
developed. The GC method has been evaluated using several hundred field filter and sorbent tube 
sampling trains. To date, no statistical studies have been initiated. Overall, standard spiked filters and 
sorbent tubes have yielded reproducible measurement calibration graphs. The method has been 
applied to the following sources with semi-quantitative results using three separate particulate extraction 
solvents (benzene, cyclohexane, acetonitrile): aluminum reduction facilities, asphalt fume, coal 
gasification plants, coal liquefaction plants, coal tar pitch, coke oven emissions, creosote treatment 
facilities, diesel exhaust, graphite electrode manufacturing, petroleum pitch, and roofing tearoff operations. 

REFERENCES: 

[1] UBTL, Inc., NIOSH Sequence #4220-0 (NIOSH, unpublished, August 10, 1984). 
[2] NIOSH Manual of Analytical Methods. 2nd ed., Vol. 1. U.S. Department of Health, Education, and 

Welfare, Publ. (NIOSH) 77-157-A (1977). 
[3] Breuer, G. M. Anal. Lett., 1l (A11), 1293-1306 (1984). 
[4] Zweidinger, R. B., S. B. Tejada, D. Dropkins, J. Huisingh, and L. Claxton. "Characterization of 

Extractable Organics in Diesel Exhaust Particulate," paper presented at Symposium on Diesel 
Particulate Emissions Measurement Characterization, Ann Arbor, Ml (1978). 

[5] Swarin, S. J. and R. L. Williams. "Liquid Chromatographic Determination of Benzo[a]pyrene in 
Diesel Exhaust Particulate: Verification of the Collection and Analytical Methods," Polynuclear 
Aromatic Hydrocarbons: Physical and Biological Effects , Bjorseth, A. and Dennis, Eds., Battelle 
Press, pp. 771-790 (1980). 

[6] Wise, S. A., et g[. "Analytical Methods for the Determination of Polycyclic Aromatic Hydrocarbons 
on Air Particulate Matter," Polynuclear Aromatic Hydrocarbons: Physical ill}Q_Biological Chemistry , 
Cooke, Dennis and Fisher, Eds., Battelle Press, pp. 919-929 (1982). 

[7] Novotny, M., M. L. Lee and K. D. Bartle. ,L_Chromatog. Sci., .12.. 606-612 (1974). 
[8] Backup Data Report for Method 5506, Analytical Report for NIOSH Sequence 4170 (NIOSH, DPSE, 

MRSB, unpublished, March 16, 1984). 
[9] Studt., P., Liebigs Ann. Chern., 528 (1978). 

[10] Clar, E. Polycyclic Hydrocarbons. Academic Press (1964). 
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Table 1. Formulae and physical properties. 

MELTING BOILING 
EMPIRICAL MOLECULAR POINT POINT 

COMPOUND Uvl.M.W.l -FORMULA WEIGHT -~ -~ B.E.E.. 

1' NAPHTHALENE CloHa 128.17 80.2 218 [10) 
2. ACENAPHTHYLENE c 12Ha 152.20 92-93 265-275 [11) 
3. ACENAPHTHENE c 12H1o 154.21 96.2 279 [11) 
4. FLUORENE c 13H1o 166.22 116 293-295 [10) 
5. ANTHRACENE c 14H1o 178.23 218 340 [10) 
6. PHENANTHRENE c 14H,o 178.23 100 340 [10) 
7. FLUORANTHENE c 1sH1o 202.26 110 384* [10)0 [12) 
8. PYRENE c 1sH10 202.26 156 393 [10) 
9. BENZ[a]ANTHRACENE c1aH12 228.29 162-167 435 [10) 

10. CHRYSENE c 1aH12 228.29 255-256 448 (10) 
11 . BENZO[b)FLUORANTHENE c 2oH12 252.32 168 [10) 
12. BENZO[k]FLUORANTHENE c2oH12 252.32 217 480 [11) 
13. BENZO[a]PYRENE C20H12 252.32 179 495 [10) 
14. BENZO[e]PYRENE C20H12 252.32 178-179 -- (10] 
15. BENZO[ghi]PERYLENE C22H12 276.34 273 [10] 
16. INDEN0[1 o2o3-cd]PYRENE C22H12 276.34 161.5-163 530 (9) 
17. DIBENZ[aoh]ANTHRACENE c 22H14 278.35 267 524 [10] 

•Many of these compounds will sublime. 

Tab le 2. Synonyms. 

COMPOUND lalohabot!callyl 

1. ACENAPHTHENE 
2. ACENAPHTHYLENE 
3. ANTHRACENE 
4. BENZ[a]ANTHRACENE 

5. BENZO[b)FLUORANTHENE 

6. BENZO[k]FLUORANTHENE 
7. BENZO[ghi]PERYLENE 
8. BENZO(a]PYRENE 

9. BENZO[e]PYRENE 

10. CHRYSENE 

11. DIBENZ[aoh]ANTHRACENE 
12. FLUORANTHENE 
13. FLUORENE 
14. INDEN0[1 0203-cd]PYRENE 
15. NAPHTHALENE 
16. PHENANTHRENE 
17. PYRENE 

SYNONYMS 

CAS# 83-32-9; RTECS# AB1000000 
CAS# 208-96-8; RTECS# AB1254000 
CAS# 120-12-7; RTECS# CA9350000 
1 02-benzanthracene; benzo[b)phenanthrene; 203-
benzophenanthrene; tetraphene; CAS# 56-55-3; RTECS# 
CV9275000 
304-benzofluoranthene; 203-benzofluoranthene: 
benz[e]acephenanthrylene; B[b]F; CAS # 205-99-2: RTECS# 
CU1400000 
11 0 12-benzofluoranthene; CAS# 207 -08-9; RTECS# DF6350000 
10 12-benzoperylene; CAS# 191-24-2; RTECS# 016200500 
3,4-benzopyrene; 60 ?-benzopyrene; B[a)P: BP; CAS# 50-32-8; 
RTECS# DJ3675000 
102-benzopyrene; 405-benzopyrene: B[e)P; CAS# 192-97-2; 
RTECS# DJ4200000 
1 02-benzophenanthrene; benzo[a]phenanthrene; CAS# 218-01-9; 
RTECS# GC0700000 
1 020506-dibenzanthracene; CAS# 53-70-3; RTECS# HN2625000 
benzoUk]fluorene; ldryl; CAS# 206-44-0; RTECS# LL4025000 
o-biphenylenemethane; CAS# 86-73-7; RTECS# LL5670000 
203-phenylenepyrene; CAS# 193-39-5; RTECS# NK9300000 
naphthene; CAS# 91-20-3; RTECS# QJ0525000 
CAS# 85-01-8; RTECS# SF7175000 
benzo[deijphenanthrene; CAS# 129-00-0; RTECS# UR2450000 

NIOSH Manual ol Analyllcal Methods (NMAM), Fourth Edition, 8/15/94 
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Table 3. Exposure Limits. 

COMPOUND lalphabelica!ly) Q.SI::!A ~ AOO!Jj 

1. ACENAPHTHENE 
2. ACENAPHTHYLENE 
3. ANTHRACENE 0.2 mglm' 
4. BENZ(AJANTHRACENE 
5. BENZO(B]FLUORANTHENE suspect carcinogen 
6. BENZO(K]FLUORANTHENE 
7. BENZO[GHI]PERYLENE 
8. BENZO(A]PYRENE 0.2 m9/m3 (benzene sol.) 0.1 mglm' (cyclohexane sol.) suspect carcinogen 9. BENZO(E]PYRENE 

10. CHRYSENE 0.2 mgtm' (benzene sol.) lowest feasible. carcinogen suspect carcinogen 
11 . DIBENZ(A.H)ANTHRACENE 
12. FLUORANTHENE 
13. FLUORENE 
14. INDEN0(1.2,3·CD)PYRENE 
15. NAPHTHALENE 10 ppm 10 ppm: STEL 15 ppm 10 ppm: STEL 15 ppm 
16. PHENANTHRENE 0.2 mglm' 
17. PYRENE 

Table 4. Approximate PAH retention t imes. 

COMPOUND RETENTION TIME~ 
1. NAPHTHALENE 
2. ACENAPHTHALENE 
3. ACENAPHTHENE 
4 . FLUORENE 
5. PHENANTHRENE 
6. ANTHRACENE 
7. FLUORANTHENE 
8. PYRENE 
9. BENZ[a)ANTHRACENE 

10. CHRYSENE 
11. BENZO[e]PYRENE 
12. BENZO[b]FLUORANTHENE 
13. BENZO[k]FLUORANTHENE 
14. BENZO[a]PYRENE 
15. DIBENZ[a,h)ANTHRACENE 
16. BENZO[ghi]PERYLENE 
17. INDEN0[1,2,3-cd]PYRENE 

not available 
7.66 
8.37 
10.5 
15.0 
15.3 
21.4 
22.6 
29.4 
29.6 
36.4 
35.1 
35.2 
36.2 
43.9 
45.6 
43.6 

*NOTE: Actual retention times will vary with individual columns and column age. 

NIOSH Manual of Analyllcal Methods (NMAM). Fourth Edition. 8/15/94 
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Assessing the Health and ·~nviro.nmental 
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Be:nefit ·of .Artiificia:I .. TUrf 
The artificial turf installed at 
Gunston is filled with rubber 
granules that prevent 
compaction and dangerous 
playing field conditions. It is a 
safer field that is easier on 
player knees and ankle joints. 
ASA Board member Mac Brown 
noted, "This stuff plays like a 
great grass field, but does not 
die from overuse." 
The synthetic surface allows 
unlimited play with low 
maintenance and predictable, 
grass-like performance. The 
field has an underground field 
drainage systems that keeps the 
field playable in almost all 
weather conditions. 



Ben,'efi~ts of Artiifici.al Tll:rf 

The Artificial Turf 
Field is ideal for 
football, field 
hockey and soccer 
games and 
practices 
University of Alberta 
Faculty of Physical 
Education and 
Recreation 



Benefi.t 
Artificial turf requires no 
mowing, watering, 
fertilizing, or re-seeding. 
Regular maintenance 
involves brushing and 
occasional vacuuming 
using leased, rented or 
loaned equipment. 
The typical sand-based 
soccer/football field can use 
between 2.5 million and 3.5 million 
gallons of water per year in the 
Pacific Northwest. Coupled with 
reduced labor costs related to 
maintenance, equipment and 
eliminated costs for supplies such 
as fertilizers, herbicides, and 
pesticides, several of our clients 
have seen a reduction in 
maintenance costs of as 
much as $30,000 to $60,000 
per field, per year. 



Ti1re , :Cru:mib: .... ·Be.nefi,t 
As for the tire crumb product, several potential advantages 
exist in its use as a playground surface amendment. 
Although most discarded tires are placed into landfills to 
degrade slowly, economic use of tire crumb diverts old 
tires from landfills and piles where they present serious 
hazards. Stockpiled tires in landfills can contribute to fires 
that are difficult to extinguish, releasing combustion 
products (e.g., benzene, other volatile organic 
hydrocarbons, and dioxins) into the air. The hollow 
structure of a tire creates a breeding space for human 
disease vectors. Advantages are that the crumb product is 
lightweight and cost-effective according to school district 
users. The manufacturer claims that the product has a 
superior degree of cushioning against falls, the main 
purpose of its use below play structures. Direct application 
is simple and cheap, much like that of sand: Simply shovel 
it into place. 



co·ncems raised over tu.-t· use 
. . ' 

in· ilidoor fac:n:i·tieS 
· Exposure to carcinogenic PAHs, amines and N-nitrosamines 

-skin contact and ingestion 
· Odour 
· Breathing in toxic chemicals including fine rubber material 
· Leaching of toxic chemicals with concomitant release to 

environment 
· Abrasion of surfaces with use and concomitant release of 

particulates and toxic chemicals 
· Increase incidence of methycillin resistant Staphylococcus 

au reus 
· Exposure to toxins produced by fungus, alga, and mould 
· Foot blisters 
· Latex allergy and asthma 
· Fire hazards 



Con,ce~rns . raised 

A study of particulate air pollutants in Denver, 
Colorado, found black respirable particulates that 
were identified as airborne tire fragments 
suggest that these respirable "tire dust" particles 

mav contribute to the pathogenesis of lung 
diseases related to air pollution. Whether 
respirable particles are created during regular use of 
the tire crumb product requires further investigation, 
given that a high amount of energy is required to 
create smaller crumb rubber particles. Reports of 
haze while children played on the applied product 
may or may not be related. 



· Mili~gati·ng-·stud·ie$ :- -Ti;re 
cru~m.b . in· _pl:ayltroUnds _ 

Anderson et al, 2006- Environ. Health 
Perspectives 
Group of physicians including Dr. Tee 
Guidotti 
Reviewed scientific evidence and literature 
Concluded that rubber crumb covering 
for play areas presents a very low risk 
for both children and environment 



Miti'gating·· ·studies 
• Norwegian Institute for Water Research, 2005 
• Based upon study of the concentrations and leaching potential of 

hazardous chemicals used in artifical turf pitches 
• Greatest environmental risk linked to the leaching of chemicals 

through surface water run-off in connection with precipitation 
• Assessment shows there is a risk of environmental effects in both 

the water phase and sediment 
• Zinc, alkyl phenols and octylphenol predicted to exceed the limits 

for environmental effects 
• The total annual amounts of hazardous substances leaching from a 

normal sports ground are fairly low which means that any 
environmental effects are expected to be local only 

• Leachate generated by shaking 1 kg of material (fiber or rubber 
granulate) in 10 litres of water for 24 h. 

• PNEC taken from EU's risk assessment documents, no actual 
measure of toxicity 

• PAHs and phthalates found in leachate but not considered 
problematic 



Mitig@-i_:~g·: ·-·s.tu~i~.~ 
• Norwegian Institute of Public Health and the Radium 

Hospital, January 2006 
• An assessment of the health risks for football pla.yers 

playing in sports halls with artificial turf pitches 
• Nine exposure scenarios were used: adults, juniors, older 

children and children 
• Exposure routes assessed: inhalation exposure, skin 

exposure and oral exposure 
• Chemicals assessed include: VOCs (234 chemicals 

measured, 29 identified), PCBs, PAHs, phthalates, 
alkyl phenols. Used highest analysis values in regards to 
recycled rubber granulate. 

• Adults }:( 20 years 
• Juniors 16 - 19 years 
• Older children 12 - 15 years 
• Children 7 - 11 years 



Miti·gati:ng: · St.-·d~i,es 
~ ~-~· -----

Conclusions: Norweigian study 
The use of artificial turf halls does not cause any elevated health 
risk. This applies to children, older children, juniors and adults 
Higher values of VOC were measured than are normally found in 
homes. It was concluded that the values which were measured 
for total VOC do not constitute any elevated health risk but 
knowledge of this area is inadequate. 
As regards allergies, it is concluded that exposure to the low 
concentrations which were measured does not constitute any 
elevated risk with respect to the development of contact 
allergies. 
The possibility that the use of car tires could cause exposure to 
latex allergens and thus lead to the development of airway 
allergies cannot be entirely eliminated 
Studies have been carried out which indicate a link between 
exposure to phthalates and the development of 
asthma/allergies. At the present time, it is not possible to carry 
out a risk assessment in this area because of a lack of available 
knowledge. 



M-iti·ge~ti:ng: st.Ud1ies 

Norwegian study 
Training in sports halls does not cause any increased 
risk of leukemia as a result of benzene exposure or 
any elevated risk as a result of exposure to PAHs 
On the basis of the exposures which have been 
calculated in connection with the use of indoor halls 
with artificial turf in which recycled rubber granulate is 
used, there is no evidence to indicate that the use 
of such halls causes an elevated health risk. 
Reservation with respect to the development of 
asthma/airway allergens as no information is 
available on the occurrence of latex allergens in hall 

0 

a1r. 



Miti.g.ati:lii ·. St,u.d:ies 
Norwegian Building Research Institute, 2004 
Study covers a total of four types of rubber granulate and 
two tvpes of artificial turf fibre. 
The rubber granulates and artificial turf fibres were analysed 
with regard to the total content of arsenic, cadmium, copper, 
chromium, mercury, nickel, zinc, PCB, PAH, phthalates, and 
phenols 
Leachate tests and degassing tests were also carried out. 
The results are compared with Norwegian and foreign 
limits for soil and water 
The aim of this project was to give a satisfactory fingerprint 
of potentially hazardous substances for soil, air, water and 
humans linked to the use of rubber granulate. in artificial turf 
systems. 



Mitig,at~i:n.a~ Stu·d:i:es 

Norwegian Building Research Institute, 2004 
• Leachate was 1 OL/kg at 1 0 RPM for 24 h 
• For the degassing test, 2 g of rubber granulate was heated 

to 70°C for 30 minutes before gas mixture was analysed 

• Findings 

• Artificial turf fibers contain Cu, Zn , phthalates, 4-t­
octylphenol and iso-nonylphenol. Zn and Cu levels comply 
with normative values for sensitive land use 

• Leachate contained Zn and exceeded WQ guidelines but 
levels lower than Canadian OW guidelines. 



Mitiga.ting · ·~*·udies ---'-'-----_ 
Norwegian Building Research Institute 
Rubber granulates contain Pb, Cd, Cu, Hg, Zn, PAHs, phthalates, 
and alkylphenols 
Pb, Cd, Cu, and Hg below normative values for most sensitive land 
use 
Zn and PAH in the recycled rubber granulates exceed values for the 
most sensitive land use 
Dibutylphthalate and diisononlyphthalate exceed PNEC for 
terrestrial life taken from the EU program for risk assessment 
lsononlphenol is above Canadian Environ. Quality guidelines for 
cultivated land 
Leachate cone. anthracene, fluoranthene, pyrene, and nonlyphenols 
exceed Can. Environ. Quality guidelines for freshwater 
An expanded risk assessment with an analysis of possible 
spreading paths and changes in leaching properties over time is 
necessary to determine the degree to which the cone. Of Zn, 
anthracene, fluoranthene, pyrene, phthalates, and nonylphenols in 
the leachate are actually harmful to people and the environment. 



Mit~i·gat·i.ng: ~ st.lldi.es 

Norwegian Building Research Institute 
Recycled rubber granulates give off significant 
number of alkvlated benzenes in gaseous form. 
Trichloromethane and cis-1,2-dichloroethene 
were also found 
It is recommended that measurements be taken of air 
quality above pitches be taken to determine whether 
the air quality is satisfactory. 



Miti.ga:ti,ng·: Stud.i;es 

Norwegian Institute for Air Pollution, 2005 
Measured concentrations of airborne dust 
and gas ehase comeounds in indoor air in 
indoor artificial turf IJitches 
Measurements taken in a hall with recently 
laid rubber granulate (styrene butadiene 
rubber, SBR) which had been in use for one 
year. 



M,i:ti.ga.ting .... stud~ies 

Ostfoldhallen has airborne dust concentrations that one would 
expect in an indoor environment for both PM1 0 and PM2.5 
Manglerudhallen and Val hall have elevated levels of PM 2.5 
and are close to the national recommended norm of 20 
uglm3 

Airborne dusts in Manglerudhallen and Valhall contain large 
quantities of rubber from the granulate, whilst in 
Ostfoldhallen the proportion of rubber from the granulate is 
considerably less 
In all three halls the proportion of organic material is 
considerable 
The airborne dust contains PAHs, phthalates, semi-volatile 
organic compounds, benzothiazoles and aromatic amines 



Mi.ti:gati~ng :s~.udii~~~ 

· Total VOC levels without ventilation in 
Manglerudhallen could reach very high levels 

· Component spectrum has a clear signature from 
rubber granulate and contains comJ)onents 
which are associated with adverse effects on 
health 

· TVOC in Valhall is high. 
· Measurements taken show that TVOC 

concentrations in Manglerudhallen and Valhall are 
higher than in Ostfoldhallen. This means that there 
are alternative rubber granulates which give 
lower TVOC levels than SBR rubber. 



P 'b'l-; •tb St ' d. :ro. .· :e.ftl: WI .... -: · · . U ·· l j&S 

· Reliance on chemical analysis 
· Comparison with guidelines (which vary 

from country to country) 
· Use risk assessment which public 

(competitors e.g. European Seed 
Association) may or may not buy into 
depending on agenda 

· Open ended statements 



Toxicological evaluation for 
the hazard assessment of 

tire crumb for use in public 
playgrounds 

Birkholz et al (2003). 
J Air & Waste Mgmt Assoc 

Also presented at SET AC 



Tire Recycling 

Approximately 2 million tires 
are generated in Alberta 
annually 
In order to recycle 100% of 
spent tires, new uses will 
have to be found 
Recycling is important to 
avoid situations such as the 
Hagarville, Ontario fire in 1990 
in which a stockpile of 13 
million scrap tires had burned 
uncontrolled 



What is Tire Crumb and What Are 
We Proposing to Use it for? 

"Tire crumb" is crushed 
rubber obtained from spent 
vehicle tires 
Proposed use in playgrounds 
as a substitute for sand 
Has advantages over sand in 
that injuries to children such 
as scrapes and bruises are 
minimized 
Excellent way to deal with 
waste material, i.e. recycle 
used tires. 



A -.c-ase :study·~o.f-~J.ire Crurtib · Use·.o:, · ~Playgrounds, : Risk 
• A 

- l 

·Analysis arid Com·m~unication~··Wiilen Major. :Ciin'ica111Knowledge 
Gaps Exist 

The stated concern relates to use of a 
loose, crumbled product made from 
used tires. Children playing on tire 
crumb could potentially be exposed 
by ingestion of the product directiVz 
by ingestion of surface water runoff 
through the product, by inhalation of 
dust, or by skin contact with the 
material or surface water runoff. 



Concerns Over the Use of 
"Tire Crumb" in Playgrounds 

• Human health concerns as a 
result of exposure of tire 
crumb to small children and 
potential exposure to toxic 
chemicals 

• Environmental concerns as a 
result of potentially toxic 
playground runoff (rain, 
snowmelt) entering our storm 
sewers and being released to 
the aquatic environment 



Approaches for Testing the Validity of 
Human Health Concerns 

l" 

Exposure 
Assessment 

Genotoxicity 
testing 



Methods: Exposure Assessment 

Salient Features 
Risk of a toxic response to 
children is dependent upon 
exposure to chemicals which may 
be present in "tire crumb" 
This exposure may occur 
dermally (skin contact}, or orally 
(via ingestion} and finally through 
inhalation of volatile constituents 
Each one of these routes of 
exposure was assessed in order 
to determine risk associated with 
exposure 



Methods: Genotoxicity Testing 

\ Adenine 
CO Guanine 

I Thymine 

O C~osine 

To determine whether ingestion of small amount 
of "tire crumb", by small children, poses a risk 
with respect to exposure of chemicals which may 
bioaccumulate and potentially cause cancer 
Exhausative extraction (Soxhlet, 16-18h) of 200 g 
of "tire crumb" with dichloromethane 
Genotoxicity testing performed on the resulting 
extracts using: Salmonella typhimurium 
mutagenicity fluctuation assay (TA98, TA 100, 
TA1535, TA1537), SOS chromotest and Mutatox 
Tests conducted with and without 59 (liver 
homogenate) 
Extracts tested for acute lethality using Microtox 
to determine dilution series. 
Exchanged into DMSO: final concentrations 
tested were 0.24 - 2.2 mg/ml 



Approaches for Testing the Validity of 
Environmental Concerns 

• Generate a water leachate 
• Test with a battery of 

aquatic tests 
representative of the major 
trophic levels in the 
aquatic receiving 
environment 

• If toxic, determine 
persistence of toxic 
response, i.e. generate 
PEEP-index 



Methods 

Aquatic Protection 
Generate leachate by 
extracting 250 g of 
sample with 1 L of 
laboratory water. 
Filter leachate and 
test using: 
luminescent bacteria, 
invertebrates, fish and 
algae 



Determination if toxicity is 
persistent 

If initial testing reveals a toxic 
response using aquatic organisms 
Generate leachate by extracting 
250 g of sample with 1 L of 
laboratory water 
Filter sample 
Add sewage seed, nutrients and 
aerate filtrate for 5-days 
Retest for toxicity using 
luminescent bacteria, 
invertebrates, fish and algae 
Calculate PEEP-index 



PEEP-index 

n 

PEEP index= log 1-1+ n 
~ -TBB +TAB 

i = 1 

n = number of tests producing a toxic response 
N = total number of tests performed (=8) 
TBB = toxicity before biodegradation in TU 
TAB= toxicity after biodegradation in TU 

N 



Results 

EXPOSURE ASSESSMENT 
"Tire crumb" does not contain chemicals 
with high vapour pressures, exposure via 
inhalation deemed low risk 
Dermal exposure deemed low risk 
because carrier solvent is needed to 
extract toxic chemicals from tire crumb 
and to penetrate protective skin layers 
Oral ingestion deemed low risk because 
ingestion not likely, furthermore, question 
of how effective stomach acids and 
enzymes are at extracting toxic chemicals 
from tire crumb and transporting them 
into the blood stream 



Genotoxicity Testing 

Sample Ames Fluctuation Assay 505 Test Mutatox 

TA 98 TA 100 TA 1535 TA 1537 

Without Liver activation 

Tire #1 NT NT NT NT NT NT 

Tire #2 NT NT NT NT NT NT 

Tire #3 NT NT NT NT NT NT 

With Liver activation 

Tire #1 NT MT MT MT NT NT 

Tire #2 MT NT NT NT NT NT 

Tire #3 MT MT NT MT NT NT 



Results Initial Aquatic Testing 

Test Toxic Units 
(1 OO/LC50 or EC50) 

Tire AB Envir R Midwest 
Recycling #2 Products #1 Tire #3 

Microtox 8.9 15.4 7.3 

Daphnia 14.7 22.6 13.5 
magna 

Fathead 10 12.2 6.4 
minnow 

Alga 22.3 22 17 

SUM 55.9 72.2 44.2 



After Biodegradation 

Test 

Microtox 

Daphnia magna 

Fathead . 
m1nnow 
Algae 

PEEP-index 

Tire 
Recycling #2 

4 

1.4 

<1 

1.5 

1.75 

AB Envir R 
Products #1 

10.5 

6.8 

<1 

1.3 

1.90 

Midwest Tire 
#3 
5.7 

1.8 

<1 

1.0 

1.68 



Field Test: Crumb deployed in late fall, 
sampled in December 

Test Endpoint AB Env. R Crumb 
Products #1 deployed in 

School 
Microtox TU 14.9 11.7 

Daphnia magna TU 16.0 8.0 

Fathead minnow TU 43.5 22.6 

Algae TU 1042 412 

Cumulative toxicity TU 1120 454 

PEEP-index 3.2 



Conclusions Concerning 
Environmental Protection 

Bioassay of leachates obtained from four "tire crumb" samples revealed 
that all samples were toxic to all four species tested (luminescent 
bacteria, invertebrates, fish and green algae). 
However, it was determined that the toxicity was transient, or short-term 
lnnoculation of "tire crumb" leachates in the laboratory with nutrients and 
sewage seed, followed by continuous aeration for 5-days, resulted in 
significant (73 - 86°/o) reduction in toxicity 
Furthermore, bioassay of leachate samples obtained from bulk "tire 
crumb" before and after deployment in a school ground, revealed a 59°/o 
reduction in toxicity following short-term deployment (3 months). 
These findings suggest that chemicals leaching from "tire crumb" are 
quickly degraded by natural processes to non-toxic forms. 
In all instances except one, the PEEP-index was determined to be less 
than 3 which is considered to be acceptable by Environment Canada 
(Costan et al., 1993). 
In the case of the schoolyard, the PEEP-index is marginally greater than 3 
(I.e. 3.2), however, with aging this value should quickly drop to below 3. 



Conclusions Concerning 
Human Health 

An exposure assessment, performed to address 
the potential effects upon children playing in 
facilities where "tire crumb" is deployed, 
concluded that there was no adverse risk 
associated with this activity 
Genotoxicity testing of "tire crumb" samples 
following solvent extraction concluded that no 
DNA-damaging or chromosome-damaging 
chemicals were present. This finding suggests 
that ingestion of small amounts of "tire crumb" 
by small children will not result in an 
unacceptable risk of contracting cancer. This 
finding supports the exposure assessment 
conclusions, particularly as it relates to oral 
ingestion of small amounts of "tire crumb" 



Overall Conclusion 

Since the impact on 
human health and the 
receiving environment is 
considered minimal, the 
benefit associated with 
injury control in 
playgrounds suggests 
that this use of recycled 
tires should be promoted 
and encouraged 



POssi!ble!: Cilosu:re 

Oral exposure - use gastrointestinal 
leachate models to estimate 
bioavailability of chemicals taken 
up by digestive tract 
Test using Ames mutagenicity 
assay and SOS-chromotest 
Possibly CHEST and GJIC assays 



POssi.ble .. Closu,re 

Dermal Exposure 
Cyclodextrin extraction model 
Ames mutagenicity test 
SOS chromotest 
ELISA - inhibition latex antigen 
test 



Possibl'e Closure 

Environmental issues 
Leachate (4:1 instead of 10:1) 
PEEP index using variety of 
products and both acute and 
chronic toxicity tests 



Possibl!e ·'C:I·os:u·re 

Bacteria and toxins associated 
with fungus, molds, yeasts etc 
Take swabs - culture and 
determine presence including 
8tet/Jhl'/oc:oc:c:fls etflt-efls 



p:·ossi.b:le cl·osu:re 

· Inhalation toxicity 
· Collect PM 2.5 and PM 10 
· Collect vapours (tenax, silica gel) 
· Test using Ames mutagenicity, 80S­

Chromosomal aberration, ELISA­
inhibition latex antigen test and 
chemical analyses 



Conc<lusion 

· Numerous studies conducted to assess the human 
health and environmental impact associated with 
exposure to artificial turf 

· Many studies based on chemical analysis and risk 
assessment 

· Some studies done using toxicity assessments 
· Despite conclusions that product is safe there is still 

skepticism 
· It is clear that risk assessment is not readily 

acceptable to the public even when performed by 
government agencies 

· Toxicological evaluations using toxicity endpoints 
may be more acceptable and less contentious. 



TWENTY QUESTIONS ON RUBBER GRANULATE 

In conjunction with the British Standards Institute (BSI), the Sports and Play 
Construction Association (SAPCA) is helping to prepare new European (CEN) 
Standards for artificial sports surfaces. Through this work SAPCA has become aware of 
concerns being voiced in some European countries over the use of recycled rubber from 
vehicle tyres in sports and play surfaces. In response SAPCA has convened a working 
group of UK experts to investigate the situation, and has carried out a substantial review 
of previous national and international studies undertaken by scientists on the risks from 
rubber aggregates in sporting contexts. 

Dr Bryan Willoughby, an independent consultant in polymer chemistry who compiled the 
review, answers here some of the commonly asked questions about rubber granulate. 

1. What kind of rubber granulate is used in sports and play 
settings? 

Rubber granulate can be made from virgin or recycled (tyre) 
rubber. So-called Thermoplastic Elastomers (TPEs) may be 
used, but most granulate is vulcanised. Vulcanisation is a 
chemical treatment to improve the resilience and performance 
of raw rubber polymers. 

The unique quality it adds is that whatever distortion is applied, 
it will always seek to recover its original shape. Nothing 
bounces back like a vulcanised rubber. The process also 
provides more consistent performance in changing 
temperatures. 

2. So the vulcanisation process entails adding chemicals to the rubber. Are they 
harmful? 

Few chemicals are totally benign (water can be lethal if you can't swim), and it is difficult 
to avoid potentially harmful chemicals when selecting to meet technical performance 
requirements. 

But remember somebody has to handle these chemicals to make the rubber products. 
The challenge in rubber manufacture, as in life, is to manage the risks effectively. 

There will be different chemicals for rubbers , but there may also be common ingredients. 
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3. Are there added chemicals in TPEs? 

That will depend on the type of TPE. but certainly the chemicals of vulcanisation are not 
needed. 

TPEs may contain fewer chemicals, but the downside is that they may not match the 
performance of vulcanised rubbers. Like rubbers, TPEs can be soft and flexible - but. 
like thermoplastics, they are prone to creep and will deform with heat. 

4. Why are many rubber products black? 

This is because carbon black (to the layman, 'soot') is incorporated in the rubber. 
Carbon black is engineered to have a controlled particle size, and the best carbon blacks 
can be strong reinforcing agents in rubber. 

Carbon black also offers some protection from UV attack. So that means a black rubber 
is likely to be much stronger, tougher and longer lasting than an equivalent non-black 
rubber. 

5. Are coloured rubber granules 
mechanically inferior to black rubber 
granules? 

If we're talking about the rubbers in the 
granules for sports and play surfaces -
tyre and Ethylene Propylene Diene 
Monomer (EPDM) rubbers - the answer is 
yes. 

A coloured rubber cannot normally match 
the performance attainable with a black 
version of the same type. Whether this 
difference matters depends on the level of 
performance required. 

6. What is the difference between EPDM and tyre rubbers? 

Obviously, car and truck tyres are always black. The raw rubbers used in tyres are 
usually blends - selected to offer optimum performance in a demanding application 
which requires strength, fatigue and abrasion resistance. 
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EPDM is a general purpose rubber: it has good weathering resistance, although 
mechanical performance is unlikely to be a match for the tyre rubbers. 

7. But tyre rubber granulate is from waste tyres- isn't th is likely to be variable? 

Any manufactured product is potentially variable if quality is not effectively controlled. 
This is true of virgin or recycled products. With rubber products, the recycler has to 
contend with variability in the feedstock, whereas the manufacturer of virgin rubber 
products has to control the mixing and vulcanisation. 

How each succeeds depends on the effectiveness of their respective QA systems. 
Different sites may perform differently whatever the feedstock - the customer is the final 
judge here. 

8. There are two ways of creating granulate. Is cryogenically-ground tyre 
granulate different from the ambient temperature product? 

Both are the products of mechanical breakdown, but the cryogenic route exploits brittle 
fracture and gives smooth-faced granules. The ambient method tears the rubber and 
gives rough-faced granules. So there is a difference in the granule shape. The difference 
in performance in loose granulate is unclear. 

9. Can the various chemicals used come out of vulcanised rubbers? 

These chemicals were put in the rubber to fulfil a specific purpose, and, in the main, 
remain firmly locked into the rubber. 

Common experience tells us this is so: rubber products do not usually feel powdery or 
greasy. Nor do we normally harbour concerns over familiar rubber products. Most 
wouldn't hesitate from handing a vulcanised rubber dummy to a baby. 

Traditionally we expect rubbers to protect us from chemicals, as gloves or aprons for 
example, rather than introduce hazards of their own. Many rubbers make good barrier 
materials and tyres are expected to be substantially impermeable. 

10. Trace releases must be possible - how do they occur? 

If chemicals can escape, there are three possible mechanisms: volatilisation, leaching 
and perhaps through skin contact. 

vapour loss 
to air 

' I 
leaching by fluids 

i ;t 
skin contact 

rubber I 

But the key word here is 'if. Even trace migration is a selective process, and depends 
entirely on the prevailing conditions. Some chemic~ls may prove highly reluctant to leave 
the rubber. 
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11. What comes out by volatilisation? 

The fact that rubbers often have a smell gives away the fact that something is 
volatilising. The same applies to familiar materials like leather or timber. But the nose is 
a very sensitive organ, and what is being released may not amount to very much. 

There is also a selectivity operating within the rubber, and only the most volatile species 
have the opportunity to escape in this way. Research has shown this includes some 
impurities from the original polymerisation and some by-products of the vulcanisation 
and stabilisation chemistry. 

Of course, a rubber in service may pick up species from the environment and re-release 
them subsequently. 

12. Is there anything in the vapours which is harmful to health? 

No doubt, given the sophistication of modern chemical analysis, a trace of something 
can be found which could raise concerns. But rubber is a well-established product in 
domestic and industrial applications, and a great many people have handled it without 
harmful side effects. 

Remember that the first in line for exposure are those in the rubber factory who handle 
the freshly-vulcanised (hot) rubber. Any health concerns should have been dealt with 
long before the rubber reaches the consumer. 

13. Is it true that Polycyclic Aromatic Hydrocarbons (PAHs), which are 
carcinogenic, are found in tyre rubber? 

PAHs are components of aromatic process oils which provide a valuable role in 
processing and product performance. Grip is one thing that benefits from their presence 
in tyre rubbers. Not all PAHs are carcinogenic, but some certainly are. 

14. Should operators and users be worried? 

As with any threat, the hazard should be weighed 
against the risk of exposure. Here the risk is related 
to the chances of releasing the carcinogenic PAHs 
from the rubber. 

Not surprisingly this has been the subject of 
extensive study. The research, over more than 30 
years, suggests that the carcinogenic ones stay 
firmly put in the rubber. This is because they are too 
high boiling to pose vapour risks (at rubber 
manufacturing or service temperatures) and too 
insoluble in water to pose leachate risks. 
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15. Are PAHs encountered elsewhere? 

They are widely distributed in nature as products of combustion (smoke). PAHs, 
including the carcinogenic ones, are common air pollutants. In the UK and elsewhere, 
PAH levels in air are routinely monitored as part of concerns over air quality. 

vehicle exhausts 
power generation 

space heating 
fires, etc. 

c=:) PAHs in the atmosphere 

The high stability of PAHs makes them persistent environmental pollutants. Intense heat 
is the trigger to their formation and they are encountered in a number of cooked foods. 

16. What comes out by leaching? 

It depends on what you leach with. An organic solvent can penetrate and swell the 
rubber, and thus disrupt the associations which would otherwise serve to retain species 
within the rubber. 

With the right solvent, various of the chemicals from manufacture can be extracted from 
the rubber. Even PAHs can be extracted in this way. But this is only possible with a good 
solvent (i.e. an organic solvent) for the rubber. Water is not a good solvent for rubbers: 
EPDM and the tyre rubbers are especially resistant to water. 

17. What about extraction by grease and sweat from skin contact? 

It is possible that extended skin contact could remove species from rubber, and this 
might result in contact dermatitis for people who are sensitive to the species concerned. 

It may not be a common effect, but this is a known condition: chemicals on the surface of 
the rubber are believed to be responsible. Intimate contact, typically involving pressure, 
is required and problems, where seen, are usually associated with elasticated clothing. 

Where tyre rubber is concerned, the Danish Environmental Protection Agency has 
studied the usage of tyres in children 's playgrounds and the likely contact scenarios. 
These include skin contact for up to an hour per day and possibly even some oral intake. 
This detailed investigation concluded that the potential health risk is insignificant. 

18. Can anything be extracted with water? 

Anything already on the surface of the rubber, or which can easily migrate to the surface 
of the rubber, is potentially available for extraction by any contacting liquid - whether or 
not the liquid is a good solvent for the rubber. 

Rubbers have a tendency to 'bloom' certain chemicals to the surface, and those 
chemicals do include water-soluble species. 

There is a selectivity at work here which can facilitate certain losses to water. Zinc, 
which is commonly used as zinc oxide, can be lost in this way. 
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i i i 
i i i 

zinc salts are 
leached by 

zinc compounds 
bloom to surface 

19. Has zinc been found in leachates from rubber granulate? 

Yes, but the effect is pH dependent. Acidic waters are far more effective at extracting the 
zinc. Zinc leachate testing already figures in a German standard for synthetic turf areas, 
and environmental compatibility must be included in harmonised European standards. 

Whilst zinc is essential to life, the tolerance levels vary from species to species, and 
concerns have been expressed on the impact on aquatic species (such as the water 
flea) in the immediate vicinity of the granulate. The same concerns have been voiced 
over the environmental impact of the rubber dust generated in tyre wear. 

20. What's best for the environment? 

Whether or not there is a localised environmental impact (from zinc) is a matter of 
debate. Piles of waste tyres are a matter of fact. The UK alone produces 440,000 tonnes 
of waste tyres every year. Waste tyre dumps are unsightly, and present a breeding 
ground for disease and a target for vandals. 

The waste tyre mountain cannot be ignored, and any responsible use of waste tyres has 
to be applauded. On this basis, rubber granulate derived from tyres offers substantial 
environmental benefits. 
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